Energy Policy in a Small Open Economy. The Case of Sweden by Bergman, L.
Energy Policy in a Small Open 
Economy. The Case of Sweden
Bergman, L.
 
IIASA Research Report
November 1978
Bergman, L. (1978) Energy Policy in a Small Open Economy. The Case of Sweden. IIASA Research Report. 
Copyright © November 1978 by the author(s). http://pure.iiasa.ac.at/827/ All rights reserved. Permission to 
make digital or hard copies of all or part of this work for personal or classroom use is granted without fee 
provided that copies are not made or distributed for profit or commercial advantage. All copies must bear this 
notice and the full citation on the first page. For other purposes, to republish, to post on servers or to redistribute 
to lists, permission must be sought by contacting repository@iiasa.ac.at 
ENERGY POLICY IN A SMALL OPEN ECONOMY: 
THE CASE OF SWEDEN 
Lars Bergman 
RR-78-16 
November 1978 
Research Keports provide the formal record of research conducted by  
the International Institute for Applied Systems Analysis. They are 
carefully reviewed before publication and represent, in the Institute's 
best judgment, competent scientific work. Views or opinions expressed 
therein, however, d o  no t  necessarily reflect those of the National 
Member Organizations supporting the Institute o r  of the Institute itself. 
International Institute for Applied Systems Analysis 
A-2361 Laxenburg. Austria 
Copyright @ 1978 IIASA 
All rights reserved. No part of  this publication may be 
reproduced or transmitted in any form or by any means, 
electronic or mechanical, including photocopy, recording, 
or any information storage or retrieval system, without 
permission in writing from the pubiisher. 
PREFACE 
One of the  tasks in the System and Decision Sciences Area is to  develop 
quantitative models that  can be used for analyzing applied policy problems. 
The following report develops a numerically formulated model of the 
Swedish economy, and uses it t o  evaluate a proposed energy strategy for 
Sweden. 
The model used is a multisectoral economic growth model of the same 
type as Professor Leif Johanson's so-called MSG-model of the Norwegian 
economy. This approach has been adapted so as t o  be useful in analyzing 
the problems facing a small open economy that wishes t o  carry out an inde- 
pendent energy policy. Thus the model allows substitution between energy 
and other factors of production and has explicit export and import func- 
tions. While the model focuses on a specific problem, the same basic 
approach can be used for studying many other policy issues. 
The basic policy question addressed is whether a constraint on the 
growth of energy consumption is compatible with conventionally measured 
economic growth in a small economy with a relatively large foreign trade 
sector. The results indicate that even if the substitutability of energy and 
other factors of production is low. it takes some 10-15 years before a zero 
energy growth strategy can have a significant impact on economic growth. 
However, the nature of the adjustment t o  the energy policy depends to  a 
large extent on the elasticity of substitution between energy and other 
factors of production. The model shows that when that elasticity is high, 
the main element in the adjustment process is a reallocation of capital from 
the energy sector t o  the energy consuming sectors. When. however. the 
elasticity is assumed t o  be low, the main element is a significant change in 
the commodity composition of hnusehold consumption expenditures. 

SUMMARY 
In a small economy with a relatively large foreign trade sector. pro- 
duccrs to a large extent must take as given prices on the world markets for 
goods and services. This means that  the sectoral structure of production 
and employment is relatively sensitive to measures affecting domestic 
prices. For this reason some special problems are connected with eco- 
nomic policy in a small. open economy. 
If such an economy plans to carry out an independent energy policy. 
aiming at a reduction in the growth of energy consumption, i t  faces at  
least two kinds of vexing trade-off problems. First. this energy strategy 
might have a negative impact on economic growth, that is, the energy 
policy might have a nonnegligible cost in terms of GNP or  aggregate con- 
sumption growth. Second, a significant share of the reduction in energy 
consumption might be due to  changes in the commodity composition of 
foreign trade, and thus in the sectoral structure of the production system. 
Thus the energy strategy might lead to  a marked sectoral reallocation of 
the labor force, possibly combined with regional reallocation of the 
population. Such an outcome may not only cause difficult readjustment 
problems for industrial policy, but can also be in conflict with established 
goals related t o  regional development. 
In this paper a multisectoral model of economic growth is developed 
and used for analysis of the economic impact of an energy strategy 
proposed by the Swedish government. According t o  the proposal, Sweden 
should aim at reducing energy consumption growth from a postwar 
average of 5% per annum to  2% per annum between 1973 and 1985 and 
to  zero growth thereaftcr. The approach in this study is inspired by 
Professor Leif Johanson's so-called MSG-model of the Norwegian eco- 
nomy. Here the model has been adapted so as to  be uscful for analyzing 
the problems on which this study is focuscd. Thus the model allows 
substitution between energy and other factors of production. and it has 
explicit export and import functions. 
The model is bascd on input-output data for Sweden. As far as pos- 
4ble the numerical values of  various parameters in the, rnodt.1 drr I)a.ed on 
cconometric evidencr. In many cases. however, such evid~ncc. is not 
available and the author had to  rcly on rcasorlablr "guesstimates". Thc 
projrctioris presented in the report should thus be rrgardcd as tentative 
rather than precise forecasts. However, the sensitivity of the results with 
respect t o  key assumptions has been investigated in detail, and therefore 
rather firm conclusions can be reached about the  main results. The analysis 
was carried out for the  period 1980 t o  2000. The development of the eco- 
nomy in two cases was compared. In the first case there was no constraint 
on  energy consumption growth. In the second, in line with Swedish policy, 
the growth of energy consumption was kept at 2% per annum between 
1980 and 1985 and at zero growth thereafter. 
The results indicate that for the studied 20-year period, the target 
energy consumption growth rate can be attained without significant costs 
in terms of G N P  or  aggregate household consumption losses. The loss in 
GNP due t o  the energy policy was only about 1% at  the year 2000. In 
addition, the energy policy did not lead t o  significant changes in the 
sectoral allocation of the labor force. This is because it was ~r imar i lv  
capital, available as a result of the reduced growth of the capital-'intensiie 
energy sector, that was used as a substitute for energy in the production 
sectors. However, the negative impact on economic growth increases 
over time. If the energy consumption is kept at the 1985 level for 5 or 
1 0  more years, the reduction in the rate of economic growth tends t o  be 
substantial. 
The model simulations were carried out  under the assumption that the 
net savings ratio in the economy remains constant over the period in 
question. Since one effect of the simulated policy measures was that  
profits tended to  decrease, this assumption might seem dubious. The 
tendency towards falling profits might lead t o  a reduction in the net savings 
ratio. In that case the proposed energy policy has an additional. indirect 
impact o n  economic growth. 
In the model-economy the target energy consumption growth rate was 
attained by means of a tax on energy consumption. At the year 2000 the 
tax rate, which kept energy consumption at the  target level, varied between 
137% and 871%, depending o n  the assumption made about the elasticity 
of substitution between energy and composite capital-labor. Energy tax 
rates of this order of magnitude would obviously create economic incen- 
tives for the development of new energy sources and energy conservation 
methods. I t  is quite possible that a number of R & D investments in these 
fields would turn ou t  t o  have a high rate of return. That is, by means of 
R & D investments the shapc of the production functions would be 
changed so that the negativc impact on economic growth of the energy 
policy would be mitigated and the tendency towards falling profits counter- 
acted. 
As expected, the proposed energy policy turned out t o  have a larger 
impact on economic growth, the lower was the elasticity of substitution 
between energy and composite capital-labor. This applied particularly on 
the sectoral level. 
When the elasticity of substitution was assurned t o  be 0.50 in all sectors, 
neither the structurc of the production system nor the commodity com- 
position of household consumptiori was significantly affected. liowever. 
when the elasticity of substitution was assumcd to  be 0.10, attainment of 
the target energy consumption development was accompanied by sigriifi- 
cant changes in the commodity composition of household consumption. In 
addition the rate of reduction of inclustrial employment was increascd by 
the energy policy measures. 
Although reservations can be made? it seems that energy consumptiori in 
Sweden can be kept on the target developmerit path proposed by the 
government at least during a period of 10-15 years without significant con- 
flicts with other social and economic goals. Whether this is an "optimal". 
or  justifiable, energy policy is another question, beyond the scope of this 
study. 

Energy  P o l i c y  i n  a  S m a l l  Open Economy: 
The C a s e  o f  Sweden 
I .  INTRODUCTION 
I n  r e s p o n s e  t o  t h e  o i l  cr i s i s  o f  1973-1974 a n d  i n c r e a s i n g  
p u b l i c  c o n c e r n  a b o u t  v a r i o u s  s i d e  e f f e c t s  o f  e n e r g y  c o n s u m p t i o n ,  
a  r e o r i e n t a t i o n  o f  Sweden ' s  e n e r g y  p o l i c y  was i n i t i a t e d .  I n  1975 ,  
t h e  g e n e r a l  p r i n c i p l e s  o f  a  "new" e n e r g y  p o l i c y  were  p r e s e n t e d  by 
t h e  g o v e r n m e n t  and a p p r o v e d  by p a r l i a m e n t .  B e f o r e  t h e  e n d  o f  
1978 a  m a j o r  d e c i s i o n  a b o u t  t h e  g o a l s  and means o f  f u t u r e  e n e r g y  
p o l i c y  i n  Sweden i s  t o  b e  made by p a r l i a m e n t .  
A c c o r d i n g  t o  t h e  1975 gove rnmen t  p r o p o s a l ,  S w e d e n ' s  e n e r g y  
p o l i c y  s h o u l d  a i m  t o  r e d u c e  e n e r g y  c o n s u m p t i o n  g r o w t h  f rom a  p o s t -  
war  a v e r a g e  5% p e r  annum t o  2 5  p e r  annum be tween  1973 a n d  1985 ,  
a n d  t o  z e r o  g r o w t h  f rom 1990.  However, t h i s  is  n o t  a  g o a l  i n  
i t s e l f .  The b a s i c  i d e a  i s  t h a t  t h e  e n e r g y  s y s t e m  s h o u l d  b e  t r a n s -  
fo rmed  s o  a s  t o  r e d u c e  i t s  e n v i r o n m e n t a l  i m p a c t s  a s  w e l l  a s  t h e  
c o u n t r y ' s  d e p e n d e n c e  upon i m p o r t e d  f u e l s .  T h i s  t r a n s f o r m a t i o n  
s h o u l d ,  a c c o r d i n g  t o  t h e  gove rnmen t  p r o p o s a l ,  n e i t h e r  c o n f l i c t  
w i t h  i m p o r t a n t  s o c i a l  and economic  g o a l s  n o r  l e a d  t o  d r a m a t i c  
c h a n g e s  i n  t h e  e l e c t r i c i t y  s u p p l y  c o n d i t i o n s .  The a b o v e  m e n t i o n e d  
g r o w t h  f i g u r e s  w e r e  r e g a r d e d  a s  a  r e a s o n a b l e  compromise  be tween  
t h e s e  c o n s i d e r a t i o n s .  
T h i s  s t u d y  i s  a n  a t t e m p t  t o  q u a n t i f y  t h e  i m p a c t  of  s u c h  a n  
e n e r g y  s t r a t e g y  f o r  Sweden o n  t h e  r a t e  and  p a t t e r n  o f  economic  
g r o w t h .  The s t u d y  a i m s  a t  i d e n t i f y i n g  p o t e n t i a l  c o n f l i c t s  be tween  
e n e r g y  p o l i c y  g o a l s  e x p r e s s e d  a s  t a r g e t  e n e r g y  c o n s u m p t i o n  g r o w t h  
r a t e s ,  a n d  g o a l s  r e l a t e d  t o  a g g r e g a t e  economic  g r o w t h  a s  w e l l  a s  
t o  t h e  s e c t o r a l  a l l o c a t i o n  o f  p r o d u c t i o n  a n d  employment .  
D u r i n g  t h e  l a s t  few y e a r s  a  number o f  a n a l y s e s  o f  t h e  macro- 
economic  i m p a c t  o f  v a r i o u s  n a t i o n a l  e n e r g y  s t r a t e g i e s  h a v e  been  
c a r r i e d  o u t .  S e e  f o r  i n s t a n c e  Hudson and J o r g a n s o n  ( 1 9 7 4 , 1 9 7 8 ) ,  
Manne (19771 ,  Hogan and Manne ( 1 9 7 7 )  and  R i d k e r  e t  a l .  ( 1 9 7 7 ) .  
A common f e a t u r e  of these  s t u d i e s  i s  t h a t  they dea l  with t h e  USA, 
a  l a r g e  and r e l a t i v e l y  c losed economy. 
The Swedish economy, on the  o ther  hand, i s  small and has a  
r e l a t i v e l y  l a rge  fore ign t r a d e  s e c t o r .  In such an economy the  
producers a r e  l a r g e l y  p r i c e t a k e r s  on the  world market fo r  goods 
and se rv ices .  Thus the  demand f o r  expor ts  i s  e l a s t i c  with respec t  
t o  dev ia t ions  between world market p r i c e s  and domestic p r i c e s .  
The same a p p l i e s  t o  the  demand f o r  competi t ive imports, t h a t  i s ,  
imported goods t h a t  a r e  domest ica l ly  produced a s  wel l .  When n e t  
export  demand i s  e l a s t i c  and t h e  fore ign t r ade  sec to r  r e l a t i v e l y  
l a r g e ,  t h e  s e c t o r a l  s t r u c t u r e  of t h e  economy i s  r e l a t i v e l y  sen- 
s i t i v e  t o  measures a f f e c t i n g  domestic p r i c e s .  This means t h a t  
domestic energy t axa t ion  might bring about s u b s t a n t i a l  changes 
i n  domestic energy consumption by changing t h e  commodity composi- 
t i o n  of fore ign t r ade .  A t  given world market p r i c e s  such s t ruc -  
t u r a l  changes i n  t h e  economy do not necessa r i ly  lead t o  reduct ions  
i n  g r o s s  na t iona l  product ( G N P )  o r  s imi la r  aggregate measures. 
Thus, a t  l e a s t  f o r  some t ime, the re  could be a  r a t h e r  weak r e l a -  
t i o n s h i p  between aggregate economic growth and energy consumption 
growth. From t h i s  point  of view a  m a l l ,  open economy has,  c e t e r i s  
p a r i b u s ,  a  wider range of energy pol icy  opt ions  than a  l a r g e ,  
r e l a t i v e l y  c losed economy. 
On the  s e c t o r a l  and regional  l e v e l  t h e  trade-off problems 
connected with domestic energy po l i cy  might be more d i f f i c u l t  i n  
a  smal l ,  open economy than i n  a  l a r g e ,  r e l a t i v e l y  closed economy. 
When the  s e c t o r a l  a l l o c a t i o n  of production i s  s e n s i t i v e  t o  domes- 
t i c  energy po l i cy  measures, t h i s  might a l s o  apply t o  t h e  s e c t o r a l  
a l l o c a t i o n  of the  labor  fo rce  and, poss ib ly ,  t h e  regional  a l loca -  
t i o n  of the  population.  Such an outcome of the  energy po l i cy  may 
not  only cause readjustment problems for  i n d u s t r i a l  po l i cy ,  but  
can a l s o  be i n  c o n f l i c t  with es tab l i shed  qoals  r e l a t e d  t o  regional  
development. Whether the  above mentioned enerqy pol icy  goals  fo r  
Sweden a r e  compatible with o the r  economic pol icy  goals  depends 
on the  q u a n t i t a t i v e  importance of these  e f f e c t s  together  with the  
e f f e c t s  on aggregate economic growth r e s u l t i n g  from the implemen- 
t a t i o n  of the  energy pol icy .  
Due t o  i n e r t i a  i n  t h e  economic sys tem,  s h o r t -  and long- run  
e f f e c t s  o f  e n e r g y  p o l i c y  measures  a r e  l i k e l y  t o  d i f f e r .  T h i s  i s  
e s p e c i a l l y  t r u e  when a  change i n  e n e r g y  p o l i c y  i s  a n t i c i p a t e d  by 
o n l y  a  f r a c t i o n  o f  t h o s e  a f f e c t e d  by t h e  measures .  S h o r t - r u n  
e f f e c t s  may i n c l u d e  i n c r e a s e d  unemployment and c a p i t a l  l o s s e s .  
I n  t h e  l o n g  r u n ,  however,  a  wide r a n g e  o f  e n e r g y  s t r a t e g i e s  a r e  
c o m p a t i b l e  w i t h  f u l l  u t i l i z a t i o n  o f  t h e  economy's r e s o u r c e s .  
I n s t e a d  t h e  e n e r g y  p o l i c y  measures  p r i m a r i l y  a f f e c t  t h e  e f f i c i e n c y  
o f  r e s o u r c e  a l l o c a t i o n  i n  t h e  economy. 
I n  t h i s  s t u d y ,  o n l y  long-run e f f e c t s  of  e n e r g y  p o l i c y  mea- 
s u r e s  a r e  d e a l t  w i t h .  Tha t  i s ,  t h e  e s t i m a t e d  impac t  of  e n e r g y  
p o l i c y  m e a s u r e s  r e f e r s  t o  a  s i t u a t i o n  where p r o d u c e r s  and con- 
sumers  a r e  c o m p l e t e l y  a d j u s t e d  t o  p r e v a i l i n g  m a r k e t  p r i c e s .  
Energy p o l i c y  measures  a r e  assumed t o  be  g r a d u a l l y  implemented 
and exogenous c o n d i t i o n s  a r e  assumed t o  change smooth ly  o v e r  t i m e  
The s t u d y  is  c a r r i e d  o u t  by means o f  a  n u m e r i c a l l y  f o r m u l a t e d  
m u l t i s e c t o r a l  growth model o f  t h e  Swedish economy. The model d o e s  
n o t  i n d i c a t e  " o p t i m a l "  g rowth  p a t h s ,  b u t  s i m u l a t e s  t h e  economy's  
development  under  c e r t a i n  a s s u m p t i o n s  a b o u t  exogenous c o n d i t i o n s .  
A number o f  " f u t u r e s "  o f  t h e  Swedish economy a r e  s i m u l a t e d .  These 
" f u t u r e s "  a r e  c o n d i t i o n e d  by two s e t s  o f  a s s u m p t i o n s .  F i r s t ,  
t h e r e  a r e  a s s u m p t i o n s  a b o u t  exogenous c o n d i t i o n s ,  s u c h  a s  wor ld  
marke t  t r a d e  and p r i c e s ,  d o m e s t i c  s u p p l y  o f  c a p i t a l  and l a b o r ,  
a s  w e l l  a s  a b o u t  t h e  domes t i c  e n e r g y  p o l i c y  t h a t  i s  a d o p t e d .  
Second,  a s s u m p t i o n s  a r e  made a b o u t  v a r i o u s  p a r a m e t e r s  i n  t h e  
model ,  s u c h  a s  t h e  e l a s t i c i t y  o f  s u b s t i t u t i o n  between e n e r g y  and 
o t h e r  f a c t o r s  of  p r o d u c t i o n ,  f o r  which economet r i c  e s t i m a t e s  have 
n o t  been a v a i l a b l e .  
The r e p o r t  i s  o r g a n i z e d  i n  t h e  f o l l o w i n g  way: i n  S e c t i o n  I1 
t h e  s t r u c t u r a l  e q u a t i o n s  o f  t h e  model a r e  p r e s e n t e d .  S e c t i o n  111 
d e a l s  w i t h  some a s p e c t s  o f  t h e  s o l u t i o n  p r o c e d u r e  and S e c t i o n  IV 
w i t h  t h e  e m p i r i c a l  b a s i s  of  t h e  s t u d y .  The r e s u l t s  o f  t h e  s t u d y  
a r e  p r e s e n t e d  i n  S e c t i o n  V. S e c t i o n  VI c o n t a i n s  a  summary o f  t h e  
main r e s u l t s  a s  w e l l  a s  some c o n c l u s i o n s .  
11. THE MODEL 
The model used  i n  t h i s  s t u d y  i s  a  s o - c a l l e d  MSG model ( M u l t i -  
S e c t o r a l  Growth) .  T h i s  k i n d  o f  model is  somet imes r e f e r r e d  t o  
a s  t h e  L e i f  Johansen  Model ( s e e  B l i t z e r  e t  d l . ,  1975, p .  l o o ) ,  
s i n c e  Le i f  Johansen (1959) i n t r o d u c e d  t h e  s p e c i a l  s o l u t i o n  t e c h -  
n i q u e  t h a t  makes n u m e r i c a l l y  f o r m u l a t e d  g e n e r a l  e q u i l i b r i u m  models  
e a s y  t o  h a n d l e .  A somewhat r e f i n e d  v e r s i o n  o f  J o h a n s e n ' s  o r i g i n a l  
model is  used  by t h e  Norwegian M i n i s t r y  o f  F i n a n c e  f o r  long- term 
f o r e c a s t i n g  p u r p o s e s  ( Johansen  1974,1977)  , and r e c e n t l y  R e s t a d  
(1976)  deve loped  a  MSG model t o  be  used  f o r  s i m i l a r  p u r p o s e s  by 
t h e  Swedish M i n i s t r y  o f  Economic A f f a i r s .  I n  a d d i t i o n ,  F$rsund 
(1977)  h a s  u t i l i z e d  a  h i g h l y  a g g r e g a t e d  MSG model o f  t h e  Norwegian 
economy f o r  a n a l y s i s  o f  e n e r g y  p o l i c y  i s s u e s .  
Except  f o r  complementary i m p o r t s ,  f o r e i g n  t r a d e  was exoge- 
n o u s l y  d e t e r m i n e d  i n  J o h a n s e n ' s  model.  Moreover t h e  e l a s t i c i t y  
o f  s u b s t i t u t i o n  between e n e r g y  and p r i m a r y  f a c t o r s  o f  p r o d u c t i o n  
( c a p i t a l  and l a b o r )  was s e t  e q u a l  t o  z e r o .  R e s t a d  r e t a i n e d  t h e  
l a t t e r  a s s u m p t i o n  b u t  made f o r e i g n  t r a d e  an endogenous p a r t  o f  
t h e  model.  However, t h e  c o m p o s i t i o n  o f  a g g r e g a t e  e x p o r t s  was 
exogenous ly  d e t e r m i n e d  and s o  was t h e  i m p o r t  s h a r e  i n  t h e  domes- 
t i c  s u p p l y  o f  goods and s e r v i c e s .  A common f e a t u r e  of b o t h  models  
i s  t h a t  t h e  change i n  t h e  economy's  a g g r e g a t e  c a p i t a l  s t o c k  and 
t h e  l a b o r  f o r c e  a r e  exogenous ly  d e t e r m i n e d ,  w h i l e  t h e  s e c t o r a l  
a l l o c a t i o n  o f  c a p i t a l  and l a b o r  i s  de te rmined  w i t h i n  t h e  model.  
I n  F $ r s u n d 1 s  model t h e  e l a s t i c i t y  o f  s u b s t i t u t i o n  between 
c a p i t a l ,  l a b o r  and e n e r g y  was u n i t y .  F o r e i g n  t r a d e  and a g g r e g a t e  
c a p i t a l  f o r m a t i o n  were  exogenous ly  d e t e r m i n e d .  
I n  t h e  MSG model t h e r e  i s  a  nonzero  e l a s t i c i t y  o f  s u b s t i t u -  
t i o n  between e n e r g y  and p r i m a r y  f a c t o r s  o f  p r o d u c t i o n ,  and t h a t  
e l a s t i c i t y  may d i f f e r  between v a r i o u s  s e c t o r s .  There  a r e  a l s o  
e x p l i c i t  i m p o r t  and e x p o r t  f u n c t i o n s  f o r  e a c h  one o f  t h e  t r a d i n g  
s e c t o r s .  However, a s  i n  t h e  above ment ioned mode l s ,  b o t h  t h e  
t o t a l  c a p i t a l  s t o c k  and t h e  t o t a l  l a b o r  f o r c e  a r e  d e t e r m i n e d  o u t -  
s i d e  t h e  model,  w h i l e  t h e  s e c t o r a l  a l l o c a t i o n  o f  t h e s e  f a c t o r s  
o f  p r o d u c t i o n  a r e  d e t e r m i n e d  w i t h i n  t h e  model.  
11 .1  S e c t o r s  and V a r i a b l e s  
There  a r e  n i n e  s e c t o r s  i n  t h e  model economy ( s e e  T a b l e  1 
b e l o w ) .  The s e c t o r  " b a s i c  p r o c e s s i n g  i n d u s t r i e s "  c o n t a i n s  t h e  
min ing  i n d u s t r y ,  t h e  p a p e r  and p u l p  i n d u s t r y ,  and t h e  c h e m i c a l  
i n d u s t r y .  S e c t o r  8 ,  " c a p i t a l  goods" ,  i s  a book-keeping s e c t o r  
where v a r i o u s  produced goods  a r e  combined i n  f i x e d  p r o p o r t i o n s .  
Thus t h e  i n p u t - o u t p u t  c o e f f i c i e n t s  o f  t h e  c a p i t a l  goods  s e c t o r  
d e f i n e  t h e  c o m p o s i t i o n  of t h e  economy's s t o c k  o f  r e a l  c a p i t a l .  
There  i s  o n l y  o n e  k i n d  o f  o u t p u t  from e a c h  s e c t o r ,  and e a c h  
commodity i s  o n l y  produced i n  one s e c t o r .  Thus t h e  i n d e x  " i "  
somet imes r e f e r s  t o  " s e c t o r "  and somet imes t o  "commodity i", 
t h e  o n l y  o u t p u t  f rom s e c t o r  i. 
T a b l e  1 .  S e c t o r s  o f  t h e  model economy. 
S e c t o r  Code 
Energy 0 
A g r i c u l t u r e ,  f o r e s t r y  and f i s h i n g  1  
B a s i c  p r o c e s s i n g  i n d u s t r i e s  2 
Manufac tu r ing  i n d u s t r i e s  3 
T r a n s p o r t a t i o n  4 
P r i v a t e  s e r v i c e s  5 
Housing s e r v i c e s  6 
P u b l i c  s e r v i c e s  7 
C a p i t a l  goods 8 
-- 
Households  C 
- 
T a b l e  2 d e f i n e s  t h e  v a r i a b l e s  and p a r a m e t e r s  o f  t h e  model.  
T a b l e  2. V a r i a b l e s  and  p a r a m e t e r s  o f  t h e  model.  
A. Exogenous v a r i a b l e s  
G p u b l i c  consumption 
N t o t a l  l a b o r  f o r c e  
K t o t a l  c a p i t a l  s t o c k  
I t o t a l  n e t  i n v e s t m e n t  
D t a r g e t  s u r p l u s  ( d e f i c i t )  on t h e  c u r r e n t  a c c o u n t  
P; wor ld  marke t  p r i c e  of commodity i = 0 , 1 , .  . . , 5 ,  e x p r e s s e d  i n  f o r e i g n  c u r r e n c y  
- 
Pi wor ld  marke t  p r i c e  o f  complementary i m p o r t s  u s e d  i n  
s e c t o r  i = 0 ,  e x p r e s s e d  i n  f o r e i g n  c u r r e n c y  
B.  Endogenous v a r i a b l e s  
g r o s s  o u t p u t  i n  s e c t o r  i = 0 , 1 ,  ..., 8 
a  compos i t e  c a p i t a l - l a b o r  i n p u t  used i n  s e c t o r  
i = O r l r . . . , 7  
i n p u t  of commodity j = 0 , 1 ,  ..., 5 i n  s e c t o r  i = 0 , 1 ,  ..., 8 
c a p i t a l  s t o c k  i n  s e c t o r  i = 0 , 1 ,  ..., 7  
employment i n  s e c t o r  i = 0 , 1 ,  ..., 7  
i n p u t  o f  complementary impor t*  i n  s e c t o r  i = 0  
househo ld  consumption o f  commodity i = 0 ,  ..., 6 
e x p o r t  o f  commodity i = 1 , 2 ,  ..., 5 
i m p o r t  o f  commodity i = 0 , 1 ,  ..., 5 
p r i c e  o f  commodity i = 0 , 1 , .  . . ,8 
i n d e x  o f  t h e  l e v e l  o f  wages i n  t h e  economy a s  a  whole 
wage r a t e  i n  s e c t o r  i = 0 , 1 ,  ..., 7  
R i n d e x  o f  t h e  n e t  r e t u r n  on c a p i t a l  i n  t h e  economy a s  a  
whole 
Ri n e t  r e t u r n  on c a p i t a l  i n  s e c t o r  i = 0 ,  ..., 7  
Qi " u s e r  c o s t "  o f  c a p i t a l  i n  s e c t o r  i = 0 ,  ..., 7  
V exchange r a t e  ( u n i t s  o f  d o m e s t i c  c u r r e n c y  p e r  u n i t  o f  
f o r e i g n  c u r r e n c y )  
0 househo ld  consumption e x p e n d i t u r e  
Y r e a l  g r o s s  n a t i o n a l  p r o d u c t  
C t o t a l  r e a l  househo ld  consumption 
*Complementary i m p o r t s  i s  meant t o  imply t h e  i m p o r t  o f  c o n ~ o d i t i e s  
t h a t  c a n n o t  (o r  a t  l e a s t  a r e  n o t )  p roduced  w i t h i n  t h e  c o u n t r y .  
T a b l e  2. ( c o n t ' d )  
C .  P a r a m e t e r s *  
a j i  i n p u t  o f  commodity j = 0 , 1 ,  ..., 5  p e r  u n i t  o f  o u t p u t  i n  s e c t o r  i = 0 , 1 ,  ..., 8 
6 i n p u t  of  complementary i m p o r t s  p e r  u n i t  o f  o u t p u t  i n  
s e c t o r  i = 0  
p i  s u b s t i t u t i o n  p a r a m e t e r .  The e l a s t i c i t y  o f  s u b s t i t u t i o n  
between e n e r g y  and  t h e  c o m p o s i t e  c a p i t a l - l a b o r  i n p u t  i n  
s e c t o r  i = 0 , 1 , .  . . , 7  i s  e q u a l  t o  (1 - p i )  'l 
a i r y i  d i s t r i b u t i o n  p a r a m e t e r s  f o r  s e c t o r  i = 0 , 1 ,  ..., 7 
X i  r a t e  of  ( n e u t r a l )  t e c h n i c a l  change i n  s e c t o r  
i = 0 , 1 , . . . , 7  
ui r a t e  o f  change o f  wor ld  m a r k e t  t r a d e  w i t h  commodity i = I r 2 , . . . , 5  
6i r a t e  o f  d e p r e c i a t i o n  o f  t h e  c a p i t a l  s t o c k  i n  s e c t o r  i = O r l  , . . . , 7  
o. i n d e x  of  t h e  r e l a t i v e  wage r a t e  i n  s e c t o r  i = 0 , 1 ,  ..., 7  
Bi i n d e x  of  t h e  r e l a t i v e  r a t e  on c a p i t a l  i n  s e c t o r  i = O r l r . . . , 7  
u i  e l a s t i c i t y  o f  t h e  househo ld  demand f o r  commodity i w i t h  
r e s p e c t  t o  t o t a l  househo ld  consumption e x p e n d i t u r e s  
, e l a s t i c i t y  o f  t h e  househo ld  demand f o r  commodity i w i t h  r e s p e c t  t o  t h e  p r i c e  o f  commodity j 
E~ 
p r i c e  e l a s t i c i t y  o f  e x p o r t  demand 
pi p r i c e  e l a s t i c i t y  o f  i m p o r t  demand 
AilBi c o n s t a n t s  i n  t h e  p r o d u c t i o n  and demand f u n c t i o n s  
r e s p e c t i v e l y  
D. Energy p o l i c y  p a r a m e t e r s  
T g e n e r a l  v a l u e  t a x  ( o r  s u b s i d y )  on e n e r g y  
ci v a l u e  t a x  ( o r  s u b s i d y )  on e n e r g y  donsumed i n  s e c t o r  
i = 1 , 2 ,  ..., 7,C 
E.  N o t a t i o n  c o n v e n t i o n s  
dH dH I f  H i s  a  v a r i a b l e  i n  t h e  model,  t h e n  - = H and - = h  d t  Hdt 
*Both p a r a m e t e r s  and exogenous v a r i a b l e s  a r e  d e t e r m i n e d  o u t s i d e  
t h e  model ,  t h e  p a r a m e t e r s  b e i n g  c o n s t a n t s  w h i l e  t h e  exogenous 
v a r i a b l e s  may change o v e r  t i m e .  
11 .2  Technology 
Gross  o u t p u t  i s  a  f u n c t i o n  of t h e  i n p u t  o f  a  compos i t e  
c a p i t a l - l a b o r  i n p u t ,  e n e r g y  and  v a r i o u s  i n t e r m e d i a t e  goods.  The 
e l a s t i c i t y  o f  s u b s t i t u t i o n  between e n e r g y  and t h e  compos i t e  
c a p i t a l - l a b o r  i n p u t  d i f f e r  between t h e  s e c t o r s ,  w h i l e  t h e  e l a s -  
t i c i t y  o f  s u b s t i t u t i o n  between e n e r g y  and i n t e r m e d i a t e  goods a s  
w e l l  a s  between t h e  compos i t e  i n p u t  and i n t e r m e d i a t e  goods i s  
z e r o  i n  a l l  s e c t o r s . "  The e l a s t i c i t y  o f  s u b s t i t u t i o n  between 
c a p i t a l  and  l a b o r  i n  t h e  " p r o d u c t i o n "  o f  t h e  compos i t e  i n p u t  i s  
u n i t y  i n  a l l  s e c t o r s .  Complementary i m p o r t s  (main ly  c r u d e  o i l )  
u s e d  i n  t h e  e n e r g y  s e c t o r  o n l y  c a n n o t  be s u b s t i t u t e d  f o r  o t h e r  
f a c t o r s  o f  p r o d u c t i o n .  F i n a l l y ,  t h e r e  a r e  c o n s t a n t  r e t u r n s  t o  
s c a l e  i n  a l l  s e c t o r s .  
Using t h e  symbols d e f i n e d  i n  T a b l e  2 t h e  t e c h n o l o g y  can  be 
d e s c r i b e d  i n  t h e  f o l l o w i n g  way: 
The e l a s t i c i t y  o f  s u b s t i t u t i o n  between e n e r g y  and t h e  compos i t e  
i n p u t  i s  e q u a l  t o  ( 1  - p i ) - l .  
E q u a t i o n s  ( 2 )  - ( 4 )  make t h e  d e s c r i p t i o n  o f  t h e  t e c h n o l o g y  
comple te .  
X . .  = a. .X. 3 1  11 1 I I - ,  5; I ,  . 8 . ( 3 )  
"0f c o u r s e ,  t h i s  r e l a t i o n s h i p ,  a s  w e l l  a s  t h o s e  p r e s e n t e d  i n  t h e  
f o l l o w i n g  s u b s e c t i o n s ,  a r e  " t r u e "  i n  t h e  model o n l y .  The a p p l i -  
c a b i l i t y  o f  t h e  model is  d i s c u s s e d  i n  S e c t i o n s  N and VI. 
11.3 P r o d u c e r  Behavior  
The p r o d u c e r s  i n  t h e  p r i v a t e  s e c t o r  of  t h e  economy a r e  
assumed t o  maximize t h e i r  p r o f i t s ,  w h i l e  t h e  p u b l i c  s e c t o r  
minimizes  i t s  c o s t  f o r  a  g i v e n  l e v e l  o f  p u b l i c  consumption.  The 
p r o f i t  i n  s e c t o r  i ,  n i l  i s  d e f i n e d  by 
By u s i n g  ( 3 )  we c a n  d e f i n e  ~ f ,  t h e  sum o f  v a l u e  added and e n e r g y  
c o s t s  i n  u n i t  p r o d u c t i o n  c o s t s ,  f o r  commodity i a s  
where t h e  l a s t  t e r m  on t h e  r i g h t  hand s i d e  i s  d i f f e r e n t  from z e r o  
o n l y  f o r  t h e  e n e r g y  s e c t o r .  Moreover,  f o r  s e c t o r  8 ,  t h e  book- 
* 
keep ing  s e c t o r ,  P .  must be z e r o ,  which means t h a t  
1 
By d e f i n i n g  " u s e r  c o s t  of  c a p i t a l "  i n  s e c t o r  i ,  Q i ,  by 
t h e  e x p r e s s i o n  f o r  TIi becomes 
P r o f i t  maximiza t ion  i m p l i e s  t h a t ,  i n  e q u i l i b r i u m ,  t h e  v a l u e  
o f  t h e  m a r g i n a l  p r o d u c t  of  each  f a c t o r  o f  p r o d u c t i o n  must be 
e q u a l  t o  i t s  p r i c e .  Moreover,  when t h e  l e v e l  o f  o u t p u t  is  
f i x e d ,  ' /  p r o f i t  maximiza t ion  is  e q u i v a l e n t  t o  c o s t  m i n i m i z a t i o n .  
Using t h e  p r o d u c t i o n  f u n c t i o n s  ( I ) ,  t h e  compos i te  i n p u t  f u n c t i o n s  
( 2 )  and t h e  d e f i n i t i o n  o f  p r o f i t  ( 9 )  , t h e  p r o f i t  maximiza t ion  
c o n d i t i o n s  become 
The f o r m u l a t i o n  o f  t h e  model i m p l i e s  t h a t  t h e r e  is  o n l y  
o n e  t y p e  o f  l a b o r  and t h a t  l a b o r  and c a p i t a l  can  b e  moved between 
t h e  s e c t o r s .  T h i s  means t h a t  i n  e q u i l i b r i u m  no i n t e r s e c t o r a l  
p r o f i t  and  wage d i f f e r e n t i a l s  can  e x i s t .  However, due t o  uncer -  
t a i n t y ,  i n s t i t u t i o n a l  f a c t o r s ,  d i s e q u i l i b r i a ,  e t c . ,  s u c h  d i f -  
f e r e n t i a l s  a r e  r e v e a l e d  by a c t u a l  d a t a .  The s e c t o r a l  p r o f i t  
and wage r a t e s  can  b e  d e f i n e d  a s  f u n c t i o n s  o f  s e c t o r a l  f a c t o r s ,  
ei and w i ,  and t h e  p r o f i t  and wage r a t e s ,  r e s p e c t i v e l y ,  f o r  t h e  
economy a s  a  whole ,  s o  t h a t  
Both Johansen  and Res tad  r e g a r d e d  B i  and w .  a s  i n s t i t u t i o n -  
a l l y  d e t e r m i n e d  c o n s t a n t s .  A b e t t e r  approach  would p e r h a p s  b e  t o  
s i m u l a t e  an a d j u s t m e n t  p r o c e s s  where i n t e r s e c t o r a l  p r o f i t  and 
"1n t h e  p u b l i c  s e c t o r ,  g r o s s  p r o d u c t i o n  i s  exogenously d e t e r m i n e d .  
2/By d e f i n i t i o n  T  = 1 .  0 
wage d i f f e r e n t i a l s  a r e  g r a d u a l l y  r e d u c e d  and t h e n  t a k e  t h e  f i n a l  
s o l u t i o n  a s  a  p o i n t  o f  d e p a r t u r e  f o r  t h e  a n a l y s i s  o f  t h e  impact  
o f  energy  p o l i c y  measures .  However, t h a t  h a s  n o t  been done i n  
t h i s  s t u d y .  I n s t e a d  B i  and wi  a r e  r e g a r d e d  a s  c o n s t a n t s ,  r e f l e c t -  
i n g  i n s t i t u t i o n a l  f a c t o r s  which remain  unchanged d u r i n g  t h e  
s i m u l a t i o n  p e r i o d .  
11.4  P r i c e s  and Household E x p e n d i t u r e s  
By an a p p r o p r i a t e  c h o i c e  o f  u n i t  o f  measurement,  domes t ic  
p r i c e s  i n  t h e  model economy become u n i t y  a t  t h e  i n i t i a l  p o i n t  
i n  t i m e .  The p r i c e s  i n  t h e  model economy a r e  normal ized  s o  
t h a t  t h e  g e n e r a l  l e v e l  o f  p r i c e s  is  k e p t  c o n s t a n t  o v e r  t i m e .  
Of c o u r s e ,  r e l a t i v e  p r i c e s  may change. The n o r m a l i z a t i o n  o f  t h e  
p r i c e  l e v e l  is  c a r r i e d  o u t  by means of t h e  f o l l o w i n g  e q u a t i o n :  
The t o t a l  r e a l L '  household consumption i s  d e f i n e d  by 
When p r i c e s  a r e  normal ized  by ( 1 5 ) ,  it f o l l o w s  t h a t  t h e r e  
migh t  be d e v i a t i o n s  between t o t a l  r e a l  household consumption,  C, 
and t o t a l  household consumption e x p e n d i t u r e ,  0 .  The q u o t i e n t  
O/C d e f i n e s  t h e  " i m p l i c i t  consumer p r i c e  index"  o f  t h e  model 
economy. The demand f o r  e a c h  k i n d  o f  consumer goods and s e r v i c e s  
i s  de te rmined  by t h e  marke t  p r i c e s  o f  a l l  goods and s e r v i c e s  and 
"~11 f l o w s  o f  commodit ies  a r e  e x p r e s s e d  a s  v a l u e s ,  u s i n g  t h e  
p r i c e s  p r e v a i l i n g  a t  t h e  i n i t i a l  p o i n t  i n  t ime .  
2 / ~ h a t  i s ,  t h e  v a l u e  o f  household e x p e n d i t u r e  measured by t h e  
p r i c e s  p r e v a i l i n g  a t  t h e  i n i t i a l  p o i n t  i n  t i m e .  
a n d  t o t a l  h o u s e h o l d  c o n s u m p t i o n  e x p e n d i t u r e ,  1  / 
= B i ~ n i ( T  p  ) n O i p l n l i  ... P6 ' 6 i  i C 0  , i = 0 , 1 , . . , 6  . ( 1 7 )  
11.5 F o r e i g n  T r a d e  
The demand f o r  e x p o r t s  f r o m  s e c t o r  i i s  b a s i c a l l y  d e t e r m i n e d  
by t h e  w o r l d  m a r k e t  t r a d e  w i t h  commodity i. However,  t h e  s h a r e  
o f  w o r l d  m a r k e t  e x p o r t s  s u p p l i e d  by d o m e s t i c  p r o d u c e r s  i s  a  f u n c -  
t i o n  o f  t h e  r e l a t i o n  be tween  t h e  d o m e s t i c  p r i c e ,  e x p r e s s e d  i n  
f o r e i g n  c u r r e n c y ,  o f  t h e  commodity i n  q u e s t i o n  a n d  t h e  w o r l d  
m a r k e t  p r i c e  o f  t h a t  commodity.  T h u s ,  t h e  e x p o r t  demand f u n c -  
t i o n s  c a n  b e  w r i t t e n  a s  
S i n c e  t h e  model i s  f a i r l y  a g g r e g a t e d ,  t h e  "commodi t i e s "  
o f  t h e  model  economy s h o u l d  n o t  b e  r e g a r d e d  a s  i n d i v i d u a l  
p r o d u c t s .  R a t h e r ,  t h e y  a r e  commodity g r o u p s  c o n s i s t i n g  o f  
s e v e r a l  d i f f e r e n t  p r o d u c t s  wh ich  a r e  e i t h e r  s u b s t i t u t e s  o r  com- 
p l e m e n t s  t o  e a c h  o t h e r .  T h i s  means t h a t  i m p o r t e d  a n d  d o m e s t i c a l l y  
p r o d u c e d  u n i t s  o f  a  c e r t a i n  "commodity" may n o t  b e  p e r f e c t  s u b s t i -  
t u t e s ,  a n d  t h u s  e x p o r t  and  i m p o r t  o f  a  c e r t a i n  "commodity" c a n  
t a k e  p l a c e  s i m u l t a n e o u s l y .  Moreove r ,  t h e  s h a r e  o f  i m p o r t s  i n  
t h e  d o m e s t i c  s u p p l y  o f  a  c e r t a i n  "commodity" i s  n o t  c o m p l e t e l y  
e l a s t i c  w i t h  r e s p e c t  t o  p r i c e  d i f f e r e n t i a l s .  T h u s ,  t h e  i m p o r t  
f u n c t i o n s  c a n  b e  w r i t t e n  a s  
"It s h o u l d  b e  n o t e d  t h a t  demand f u n c t i o n s  o f  t h i s  t y p e ,  i . e .  , 
w i t h  c o n s t a n t  e l a s t i c i t i e s  w i t h  r e s p e c t  t o  e x p e n d i t u r e  a n d  
a l l  p r i c e s ,  d o  n o t  s a t i s f y  t h e  b u d g e t  c o n s t r a i n t  i d e n t i c a l l y .  
However,  t h e  q u a n t i t a t i v e  e f f e c t  o f  t h i s  d i s c r e p a n c y  is  n o t  
l i k e l y  t o  b e  i m p o r t a n t .  
11.6 Capital Formation 
In the model economy, the growth of the aggregate stock of 
real capital is an exogenously determined magnitude. The net 
investments in the economy as a whole are exogenously determined 
as well. Obviously the assumption about the change in the capital 
stock cannot be made independent of the assumption about the level 
of net investments. The link between these two assumptions is 
discussed in Section 111. 
11.7 Equilibrium Conditions for Goods and Factor Markets 
In equilibrium, there must be equality between demand and 
supply on the markets for commodities, savings, labor and foreign 
currency. Thus, the following conditions have to be satisfied: 
1 1 . 8  D e f i n i t i o n s  
GNP i s  d e f i n e d  by 
a n d  e i ,  t h e  e n e r g y  i n p u t  c o e f f i c i e n t s ,  by 
1 1 . 9  Energy P o l i c y  
I n  t h e  model economy, e n e r g y  p o l i c y  i s  c a r r i e d  o u t  by means 
o f  a n  e n e r g y  p o l i c y  p a r a m e t e r ,  Ti, d e f i n e d  by 
where  T i s  a  g e n e r a l  v a l u e  t a x  ( o r  s u b s i d y )  on e n e r g y  and Si  i s  
a  v a l u e  t a x  ( o r  s u b s i d y )  o n  e n e r g y  consumption i n  s e c t o r  i.  
The t o t a l  d o m e s t i c  consumption o f  e n e r g y ,  E,  i s  d e f i n e d  by 
I n  some a p p l i c a t i o n s  E  i s  a n  endogenous v a r i a b l e .  Then T i s  
exogenous.  I n  o t h e r s  E i s  exogenous,  which means t h a t  T i s  
endogenous.  
Obvious ly  t h e r e  a r e  a  number o f  a d d i t i o n a l  e n e r g y  p o l i c y  
measures  a v a i l a b l e  i n  t h e  r e a l  w o r l d .  For  i n s t a n c e ,  t h e  a u t h o r i -  
t i es  c a n  impose r e s t r i c t i o n s  o n  t h e  u s e  o f  c e r t a i n  e n e r g y  produc-  
t i o n  t e c h n o l o g i e s ,  r e g u l a t e  t h e  e m i s s i o n  o f  v a r i o u s  p o l l u t a n t s ,  
p r e s c r i b e  c e r t a i n  i n s u l a t i o n  s t a n d a r d s  f o r  new h o u s e s ,  e t c .  
Energy p o l i c y  measures  of t h i s  k i n d  e i t h e r  change  t h e  shape  o f  
t h e  p r o d u c t i o n  f u n c t i o n s  o r  make t h e  r a n g e  of f e a s i b l e  f a c t o r  com- 
b i n a t i o n s  more narrow t h a n  t h e  r a n g e  o f  t e c h n i c a l l y  f e a s i b l e  f a c -  
t o r  c o m b i n a t i o n s .  
As t h e  model is  f o r m u l a t e d ,  it i s  e a s y  t o  a n a l y z e  t h e  
s e n s i t i v i t y  o f  t h e  s o l u t i o n s  w i t h  r e s p e c t  t o  changes  of  t h e  
p r o d u c t i o n  f u n c t i o n s .  On t h e  o t h e r  hand ,  it is  n o t  v e r y  e a s y  
t o  know how a  p a r t i c u l a r  e n e r g y  p o l i c y  measure  w i l l  a f f e c t  t h e  
p r o d u c t i o n  f u n c t i o n s .  F o r  t h i s  r e a s o n ,  t h e  a n a l y s i s  i n  t h i s  
s t u d y  i s  c o n f i n e d  t o  energy  t a x  p o l i c y .  
111. THE SOLUTION OF THE MODEL 
111 .1  G e n e r a l  Remarks 
A l l  t h e  v a r i a b l e s  of  t h e  model c a n  b e  r e g a r d e d  a s  f u n c t i o n s  
o f  t i m e .  By s o l v i n g  e q u a t i o n s  ( 1 )  - (30)  f o r  a  number o f  p o i n t s  
i n  t i m e ,  t h e  e v o l u t i o n  o f  t h e  model economy c a n  b e  d e s c r i b e d .  
However, s i n c e  many o f  t h e  e q u a t i o n s  ( 1 )  - (30)  are n o n - l i n e a r ,  
t h e  s o l u t i o n  o f  t h e  model i s  n o t  a t r i v i a l  problem. 
What Johansen  d i d  was t o  d i f f e r e n t i a t e  a l l  t h e  r e l a t i o n s  
w i t h  r e s p e c t  t o  t i m e ,  and e x p r e s s  t h e  model i n  t e r m s  o f  r e l a t i v e  
r a t e s  o f  growth a t  t h e  i n i t i a l  p o i n t  i n  t i m e .  Due t o  t h e  func-  
t i o n a l  form o f  t h e  m o d e l ' s  s t r u c t u r a l  e q u a t i o n s ,  a l i n e a r  equa- 
t i o n  s y s t e m  was t h e n  o b t a i n e d .  T h i s  l i n e a r  e q u a t i o n  s y s t e m  
c a n  b e  w r i t t e n  
where  V is  t h e  v e c t o r  o f  r e l a t i v e  r a t e s  of  change o f  t h e  endoge- 
nous  v a r i a b l e s  and @ t h e  v e c t o r  o f  r e l a t i v e  r a t e s  o f  change of  
t h e  exogenous v a r i a b l e s .  I f  t h e  number o f  endogenous v a r i a b l e s  
i s  n  and t h e  number o f  exogenous v a r i a b l e s  m ,  A is  a  n  x n-mat r ix  
and B  a  n  x m m a t r i x .  Thus t h e  e q u a t i o n  sys tem h a s  a  u n i q u e  
s o l u t i o n .  
I n  t h e  s o l u t i o n  m a t r i x  A-'B t h e  e l e m e n t  on t h e  i t h  row and 
t h e  j t h  column shows t h e  impac t  o f  a  g i v e n  r a t e  o f  change o f  
t h e  jth exogenous v a r i a b l e  on  t h e  r a t e  o f  change o f  t h e  ith 
endogenous v a r i a b l e .  Thus f o r  a  g i v e n  s e t  o f  a s s u m p t i o n s  a b o u t  
t h e  exogenous v a r i a b l e s ,  e x p r e s s e d  a s  a  v e c t o r  @ k t  t h e  r a t e s  
of  change o f  t h e  endogenous v a r i a b l e s ,  t h e  v e c t o r  yk ,  a r e  
d e t e r m i n e d .  
However, i n  o r d e r  t o  g e t  t h e  model i n  such  a  s imp le  form, 
one h a s  t o  t r e a t  t h e  v a l u e s  o f  t h e  model ' s  v a r i a b l e s  a t  t h e  
i n i t i a l  p o i n t  i n  t i m e  a s  c o n s t a n t s ,  w h i l e  t h e i r  r e l a t i v e  r a t e s  
o f  change a r e  t r e a t e d  a s  v a r i a b l e s .  T h i s  i s ,  o b v i o u s l y ,  v a l i d  
on ly  a t  t h a t  p a r t i c u l a r  p o i n t  i n  t i m e .  
Accord ing ly  Johansen con f ined  h i s  a n a l y s i s  t o  t h e  "growth 
t e n d e n c i e s "  o f  t h e  Norwegian economy a t  t h e  i n i t i a l  p o i n t  i n  
t i m e .  Restad (1976, pp. 103-108) used t h e  same method t o  app r ox i -  
mate  t h e  model economy's development o v e r  a  number of y e a r s .  
S i n c e  R e s t a d ' s  approach was adopted  i n  t h i s  s t u d y  a s  w e l l ,  it 
s hou ld  be d e s c r i b e d  i n  some d e t a i l .  
Given a  d a t a  b a s e  f o r  t h e  p o i n t  i n  t ime  t ,  compat ib le  w i t h  
a l l  t h e  e q u a t i o n s  i n  t h e  non - l i nea r  v e r s i o n  o f  t h e  model,  t h e  
m a t r i c e s  At and Bt c an  b e  c a l c u l a t e d .  Using t h e  s o l u t i o n  m a t r i x  
A;' Bt and a  set  o f  assumpt ions  abou t  t h e  exogenous v a r i a b l e s ,  
t h e  development o f  t h e  model economy between t and t+A i s  d e t e r -  
mined. I f  IIt deno t e  t h e  numer ica l  va lue  o f  t h e  (exogenous o r  
endogenous) v a r i a b l e  H a t  t and h i s  t h e  r e l a t i v e  r a t e  o f  change 
of  H a t  t ,  t h e  v a l u e  o f  H a t  t + A  i s  t h e n  c a l c u l a t e d  by means by 
t h e  formula 
Ht+A = (1 + Ah) Ht . 
Using t h e  r e s u l t i n g  v a l u e s  o f  t h e  model ' s  v a r i a b l e s  a t  t+A, 
t h e  m a t r i c e s  At+A and Bt+A can  be  c a l c u l a t e d .  Then t h e  s o l u t i o n  
m a t r i x  Bt+A t o g e t h e r  w i t h  assumpt ions  abou t  t h e  exogenous 
v a r i a b l e s  de t e rmine  t h e  deve lopnen t  between t+A and t+2A. 
I n  t h i s  way it is p o s s i b l e  t o  t r a c e  t h e  whole development p r o c e s s  
ove r  an  a r b i t r a r y  number o f  p e r i o d s  w i t h  t h e  l e n g t h  A .  
The problem i s ,  o f  c o u r s e ,  t h a t  t h e  v a l u e s  o b t a i n e d  i n  t h i s  
way f o r  t+A may n o t  be  compa t ib l e  w i t h  t h e  non - l i nea r  v e r s i o n  
o f  t h e  model. Moreover, t h e  b i a s  can  b e  expec t ed  t o  i n c r e a s e  
f o r  each  s t e p  i n  t h e  s o l u t i o n  p r ocedu r e .  On t h e  o t h e r  hand, 
t h e  b i a s  appea r ing  i n  e a ch  s t e p  can be  expec t ed  t o  be  s m a l l e r  when 
A i s  s m a l l e r .  I n t u i t i v e l y  it seems r e a s o n a b l e  t o  e x p e c t  t h e  
b i a s  emerging i n  a  p r o j e c t i o n  o v e r  a  t i m e  p e r i o d  of g i v e n  l e n g t h  
t o  be s m a l l e r  when A i s  s m a l l e r .  However, no s y s t e m a t i c  a n a l y s i s  
of t h i s  problem h a s  been c a r r i e d  o u t  w i t h i n  t h e  f rame of  t h i s  
s t u d y .  
Wi th in  t h e  Norwegian M i n i s t r y  o f  F inance  a  method f o r  compu- 
t a t i o n  o f  e x a c t  s o l u t i o n s  t o  t h e  MSG-model h a s  been deve loped .  1  / 
I t  i s  based  on t h e  approach  d e s c r i b e d  above ,  b u t ,  by means o f  an 
i t e r a t i v e  p r o c e d u r e ,  t h e  s o l u t i o n  o b t a i n e d  a f t e r  e a c h  s t e p  i s  
made c o m p a t i b l e  w i t h  t h e  n o n - l i n e a r  v e r s i o n  o f  t h e  model.  For  
A=3 y e a r s ,  t h e  v a l u e  used by t h e  Norwegian M i n i s t r y  o f  F i n a n c e ,  
t h e  b i a s  t u r n e d  o u t  t o  b e  r e l a t i v e l y  u n i m p o r t a n t ,  and t h e  
i t e r a t i v e  p r o c e d u r e  converged a f t e r  a s m a l l  number o f  i t e r a t i o n s .  
However, t h i s  s t u d y  h a s  been c a r r i e d  o u t  w i t h o u t  a c c e s s  t o  
a  program f o r  e x a c t  s o l u t i o n  o f  t h e  model.  I n s t e a d  R e s t a d ' s  
a p p r o a c h  was adopted .  The l e n g t h  o f  t h e  sub-per iod  was set 
e q u a l  t o  f i v e  y e a r s ,  t h a t  i s  A=5. A f t e r  t h e  f i r s t  s t e p ,  t h e r e  
was a  d i f f e r e n c e  between o u t p u t ,  a s  d e t e r m i n e d  by t h e  p r o d u c t i o n  
f u n c t i o n s ,  and  demand i n  t h e  s i z e  o r d e r  1-1.5s i n  e a c h  o f  t h e  
p r o d u c t i o n  s e c t o r s .  Al though d i s t u r b i n g ,  t h i s  b i a s  was r e g a r d e d  
a s  a c c e p t a b l e .  
Another  p o i n t  i s  t h a t  b o t h  t h e  a g g r e g a t e  s t o c k  o f  c a p i t a l  
and a g g r e g a t e  n e t  i n v e s t m e n t s  a r e  exogenous v a r i a b l e s  i n  t h e  
model. Obvious ly  t h e r e  i s  a  r e l a t i o n  between changes  i n  t h e  
s t o c k  o f  c a p i t a l  and n e t  i n v e s t m e n t s ;  t h e  n u m e r i c a l  v a l u e s  o f  
t h e  exogenous v a r i a b l e s  k  and i c a n n o t  b e  chosen i n d e p e n d e n t l y .  
I n  o r d e r  t o  make t h e  v a l u e s  o f  k  and  i c o n s i s t e n t  w i t h  e a c h  o t h e r  
t h e  f o l l o w i n g  approx imate  b u t  c o m p u t a t i o n a l l y  s i m p l e  p r o c e d u r e  
i s  a d o p t e d .  Thus i t  i s  n o t e d  t h a t  
D i v i s i o n  by K ( t )  y i e l d s  
'/see Johansen  ( 1974, c h a p t e r  7 0 )  and ~ p u r k l  and ( 1970) . 
I n  t h e  m a t r i x  A - I B  mentioned above ,  two e l e m e n t s  r e p r e s e n t  
t h e  s e n s i t i v i t y  o f  t h e  growth of  GNP ( t h e  v a r i a b l e  y )  w i t h  
r e s p e c t  t o  t h e  growth o f  n e t  a g g r e g a t e  c a p i t a l  f o r m a t i o n  ( t h e  
v a r i a b l e s  k and i ) .  Using t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h e s e  
m u l t i p l i e r s ,  k and i can  b e  chosen s o  t h a t  t h e  n e t  s a v i n g s  r a t i o ,  
I / Y ,  remains  c o n s t a n t  o v e r  t i m e .  
111.2 The L i n e a r i z e d  V e r s i o n  of  t h e  Model 
T a b l e  3 c o n t a i n s  a l l  t h e  e q u a t i o n s  o f  t h e  l i n e a r i z e d  v e r s i o n  
o f  t h e  model,  and i n  t h e  Appendix t h e  d e r i v a t i o n  o f  each  i n d i v i d u a l  
e q u a t i o n  i s  b r i e f l y  d e s c r i b e d .  Throughout T a b l e  3, endogenous 
v a r i a b l e s  a r e  w r i t t e n  on t h e  l e f t  hand s i d e  and exogenous v a r i -  
a b l e s  on t h e  r i g h t  hand s i d e .  C a p i t a l  l e t t e r s  d e n o t e  t h e  v a l u e  
o f  t h e  v a r i a b l e  i n  q u e s t i o n  a t  t h e  i n i t i a l  p o i n t  i n  t i m e .  The 
c o e f f i c i e n t s  A i j  i n  e q u a t i o n s  M4 and M7 a r e  d e f i n e d  by 
1  when i = j  
A i j  = e . .  - a .  where e .  = 
1 3  1 j 0 when i # j ' 
I t  s h o u l d  b e  n o t e d  t h a t  t h e  f o r m u l a t i o n  o f  t h e  model can  
b e  changed by means o f  t h e  p a r a m e t e r  0 .  When 0 = 0 ,  t o t a l  ' 
energy  consumption i s  endogenously de te rmined  w h i l e  t h e  g e n e r a l  
e n e r g y  t a x  r a t e ,  T, i s  an exogenous v a r i a b l e .  When 0 = 1 ,  on 
t h e  o t h e r  hand, t o t a l  energy  consumption i s  exogenously d e t e r m i n e d ,  
w h i l e  t h e  t a x  r a t e  which i s  s u f f i c i e n t  t o  i n d u c e  t h a t  l e v e l  o f  
t o t a l  energy  consumption,  r ,  i s  determined w i t h i n  t h e  model. 
' / s e e  e q u a t i o n  M7:i, M10: i and M18. 




I V .  THE EMPIRICAL BASIS OF THE STUDY 
Two k i n d s  o f  d a t a  a r e  needed i n  t h i s  s t u d y .  The f i r s t  is 
a  c o m p l e t e  d e s c r i p t i o n  o f  t h e  s t a t e  o f  t h e  economy i n  t e r m s  o f  
i n t e r s e c t o r a l  and f i n a l  d e l i v e r i e s  o f  goods and s e r v i c e s ,  c a p i t a l  
s t o c k s ,  p r i c e s ,  e t c .  a t  a  p a r t i c u l a r  p o i n t  i n  t i m e .  The second  
i s  e s t i m a t e s  o f  t h e  p a r a m e t e r s  o f  t h e  p r o d u c t i o n ,  househo ld  
demand, e x p o r t  and i m p o r t  f u n c t i o n s .  
The d a t a  used  i n  t h i s  s t u d y  a r e  p r i m a r i l y  t h o s e  p r e p a r e d  
by t h e  M i n i s t r y  o f  Economic A f f a i r s  f o r  t h e  above ment ioned 
s t u d y  by R e s t a d .  The e s t i m a t e s  o f  t h e  i n t e r s e c t o r a l  f l o w s  and 
o t h e r  v a r i a b l e s  d e s c r i b i n q  t h e  s t a t e  o f  t h e  economy were o b t a i n e d  
by means o f  a n  e c o n o m e t r i c  model,  used  f o r  f o r e c a s t i n g  t h e  d e v e l -  
opment of  t h e  Swedish economy between 1975 and 1980. Thus,  t h e  
" i n i t i a l  y e a r "  i n  t h i s  s t u d y  is  1980. I n  T a b l e  4,  some key 
f i g u r e s  f rom t h e  d a t a  b a s e  a r e  p r e s e n t e d ,  w h i l e  t h e  comple te  
d a t a  b a s e  c a n  b e  o b t a i n e d  f rom t h e  a u t h o r  upon r e q u e s t .  
I n  T a b l e  5 ,  t h e  p a r a m e t e r s  o f  t h e  h o u s e h o l d  demand f u n c t i o n s  
used  i n  t h i s  s t u d y  c a n  b e  s e e n .  With one  e x c e p t i o n ,  h o u s i n g  
s e r v i c e s ,  t h e  f i g u r e s  a r e  o b t a i n e d  f rom Res tad  (1976,  p .  110) where 
t h e  demand f o r  h o u s i n g  s e r v i c e s  was t r e a t e d  a s  a n  exogenous ly  
d e t e r m i n e d  magni tude .  However, t h e  p r i c e  o f  e n e r g y  is  a  r e l a -  
t i v e l y  i m p o r t a n t  d e t e r m i n a n t  o f  t h e  p r i c e  o f  h o u s i n g  s e r v i c e s  
( s e e  T a b l e  4 ) ,  and  changes  i n  t h e  consumption o f  h o u s i n g  s e r v i c e s  
have a  r e l a t i v e l y  l a r g e  impac t  on t h e  t o t a l  consumption o f  e n e r g y .  
Thus,  g i v e n  t h e  p u r p o s e  o f  t h i s  s t u d y ,  it is  n o t  s a t i s f a c t o r y  
t o  t r e a t  h o u s i n g  e x p e n d i t u r e s  a s  a n  exogenous ly  d e t e r m i n e d  datum. 
I n s t e a d ,  it i s ,  somewhat a r b i t r a r i l y ,  assumed t h a t  t h e  demand 
f o r  h o u s i n g  s e r v i c e s  i s  u n i t a r y  p r i c e  and e x p e n d i t u r e  e l a s t i c .  
I n  R e s t a d ' s  model t h e r e  a r e  no e x p l i c i t  e x p o r t  and i m p o r t  
f u n c t i o n s .  Consequen t ly  t h e  n u m e r i c a l  v a l u e s  o f  t h e  p a r a m e t e r s  
i n  t h e  t r a d e  f u n c t i o n s  o f  t h e  model used  i n  t h i s  s t u d y  c o u l d  n o t  
be  o b t a i n e d  i n  t h e  same e a s y  way a s  t h e  p a r a m e t e r s  o f  t h e  house- 
h o l d  e x p e n d i t u r e  f u n c t i o n s .  U n f o r t u n a t e l y  t h e r e  was n o  o t h e r  
s u i t a b l e  s t u d y  a v a i l a b l e .  The " s o l u t i o n "  t o  t h i s  problem 
was s i m p l y  t o  assume a  set  o f ,  s e e m i n g l y ,  r e a s o n a b l e  p a r a m e t e r s  
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and i n v e s t i g a t e  t o  what  e x t e n t  t h e  r e s u l t s  were  s e n s i t i v e  t o  t h e  
a s s u m p t i o n s  on t h i s  p a r t i c u l a r  p o i n t .  The a d o p t e d  n u m e r i c a l  
v a l u e s  o f  t h e  p r i c e  e l a s t i c i t y  p a r a m e t e r s  i n  t h e  e x p o r t  and i m p o r t  
f u n c t i o n s  a r e  d i s c u s s e d  i n  S e c t i o n  V i n  c o n n e c t i o n  w i t h  t h e  des -  
c r i p t i o n  o f  t h e  s o - c a l l e d  " b a s e "  c a s e .  
Excep t  f o r  t h e  s u b s t i t u t i o n  p a r a m e t e r s ,  pi i n  e q .  ( 1 )  , t h e  
p a r a m e t e r s  o f  t h e  p r o d u c t i o n  f u n c t i o n s  a r e  o b t a i n e d  by u s i n g  
Eqs.  (1  0 )  - (1 2 )  and income d i s t r i b u t i o n  d a t a .  The d e t e r m i n a t i o n  
o f  t h e  n u m e r i c a l  v a l u e s  o f  t h e  s u b s t i t u t i o n  p a r a m e t e r s  i s ,  
however,  a  l i t t l e  b i t  more c o m p l i c a t e d .  
Dur ing  t h e  l a s t  few y e a r s  a  number o f  s t u d i e s  o f  t h e  sub- 
s t i t u t a b i l i t y  o f  e n e r g y  and o t h e r  f a c t o r s  o f  p r o d u c t i o n  o r  between 
v a r i o u s  k i n d s  of  e n e r g y  have been c a r r i e d  o u t .  Al though t h e s e  
s t u d i e s  d i f f e r  from t h e  p r e s e n t  one i n  t e r m s  o f  t h e  s p e c i f i c a t i o n  
o f  t h e  p r o d u c t i o n  f u n c t i o n s  a s  w e l l  a s  t h e  l e v e l  o f  a g g r e g a t i o n ,  
some r e s u l t s  c a n  b e  used a s  a  b a s i s  f o r  a s s u m p t i o n s  a b o u t  t h e  
s u b s t i t u t i o n  p a r a m e t e r s  i n  t h e  model used i n  t h i s  s t u d y .  
I n  a  s t u d y  by Bernd t  and Wood (1975)  , I /  based  on a g g r e g a t e d  
time-series d a t a  f o r  t h e  American i n d u s t r y ,  c a p i t a l  and l a b o r  
were  found t o  b e  complements ( t h a t  i s ,  t h e  e s t i m a t e d  e l a s t i c i t y  
o f  s u b s t i t u t i o n  had a  n e g a t i v e  v a l u e ) ,  w h i l e  e n e r g y  and l a b o r  
t u r n e d  o u t  t o  b e  s u b s t i t u t e s .  S i m i l a r  r e s u l t s ,  b u t  q u i t e  d i f -  
f e r e n t  v a l u e s ,  were  o b t a i n e d  i n  a  s t u d y  by Denny and P i n t o  ( 1 9 7 5 ) ,  2  / 
b a s e d  on  a g g r e g a t e d  t i m e - s e r i e s  d a t a  f o r  t h e  Canadian i n d u s t r y .  
To t h e  e x t e n t  t h a t  t h e s e  r e s u l t s  a r e  v a l i d ,  t h e  s p e c i f i c a t i o n  of  
t h e  p r o d u c t i o n  f u n c t i o n s  i n  t h e  model used  i n  t h i s  s t u d y  is  r a t h e r  
d u b i o u s .  
' /A h o m o t h e t i c  t r a n s l o g  p r o d u c t i o n  f u n c t i o n ,  where  o u t p u t  was a  
f u n c t i o n  o f  t h e  i n p u t  o f  c a p i t a l ,  l a b o r ,  e n e r g y  and m a t e r i a l ,  
was used .  The e l a s t i c i t y  o f  s u b s t i t u t i o n  between e a c h  p a i r  of  
i n p u t s  was e s t i m a t e d .  
2 / ~  g e n e r a l i z e d  non-homothet ic  L e o n t i e f  p r o d u c t i o n  f u n c t i o n  w i t h  
c a p i t a l ,  l a b o r ,  e n e r g y  and m a t e r i a l s  a s  i n p u t s  was u s e d ,  and 
t h e  e l a s t i c i t y  o f  s u b s t i t u t i o n  between e a c h  p a i r  of i n p u t s  was 
e s t i m a t e d .  
However, i n  a  s t u d y  by Gregory and G r i f f i n  (1976)  , based  on 
a  c r o s s - s e c t i o n  o f  d a t a  f rom n i n e  d i f f e r e n t  c o u n t r i e s ,  b o t h  c a p i t a l  
and e n e r g y  a s  w e l l  a s  l a b o r  and energy  were found t o  b e  s u b s t i t u t e s .  
The e s t i m a t e d  e l a s t i c i t y  o f  s u b s t i t u t i o n  between c a p i t a l  and energy  
was c l o s e  t o  1 .0  f o r  a l l  c o u n t r i e s ,  w h i l e  t h e  c o r r e s p o n d i n g  f i g u r e  
f o r  l a b o r / e n e r g y  was 0.8.  Thus, t o  t h e  e x t e n t  t h a t  t h e s e  f i n d i n g s  
a r e  v a l i d ,  p r o d u c t i o n  f u n c t i o n s  of t h e  t y p e  used i n  t h i s  s t u d y  
c a n  b e  j u s t i f i e d .  Moreover,  t h e  e l a s t i c i t y  o f  s u b s t i t u t i o n  
between energy  and t h e  compos i te  c a p i t a l - l a b o r  i n p u t  c a n  be a s -  
sumed t o  b e  p o s i t i v e  and n o t  much less t h a n  u n i t y .  
T h i s  i s  n o t  a  p l a c e  f o r  a  d e t a i l e d  d i s c u s s i o n  o f  t h e  m e r i t s  
and drawbacks o f  v a r i o u s  s t u d i e s  i n  t h i s  f i e l d  o f  e c o n o m e t r i c s .  
However, it seems more a p p r o p r i a t e  t o  b a s e  a  long-run s t u d y  l i k e  
t h e  p r e s e n t  one on r e s u l t s  o b t a i n e d  on t h e  b a s i s  o f  c r o s s - s e c t i o n a l  
r a t h e r  t h a n  t i m e  s e r i e s  d a t a .  
Y e t  it i s  n o t  r e a s o n a b l e  t o  assume t h a t  t h e  e l a s t i c i t y  o f  
s u b s t i t u t i o n  between energy  and c a p i t a l - l a b o r  i s  c l o s e  t o  u n i t y .  
T h i s  i s  because  G r e g o r y ' s  and G r i f f i n ' s  r e s u l t s  a p p l y  t o  t h e  
i n d u s t r y  a s  a  whole r a t h e r  t h a n  t o  i n d i v i d u a l  s e c t o r s .  Thus, 
p a r t  of t h e  e s t i m a t e d  s u b s t i t u t a b i l i t y  i s  t h e  r e s u l t  o f  s t r u c t u r a l  
change w i t h i n  t h e  i n d u s t r y . 2 /  I f  t h e s e  r e s u l t s  a r e  d i r e c t l y  
a p p l i e d  t o  i n d i v i d u a l  s e c t o r s  i n  a  m u l t i s e c t o r a l  model,  t h e  e f f e c t  
o f  s t r u c t u r a l  change on energy  consumption w i l l  b e  counted  t w i c e .  
Thus,  even i f  G r e g o r y ' s  and G r i f f i n ' s  r e s u l t s  a r e  a c c e p t e d ,  t h e  
e l a s t i c i t y  o f  s u b s t i t u t i o n  s h o u l d  be a  b i t  less t h a n  u n i t y  on 
t h e  s e c t o r a l  l e v e l .  
A p a r t  from t h e s e  c o n s i d e r a t i o n s  t h e  r e s u l t s  o b t a i n e d  i n  
G r e g o r y ' s  and G r i f f i n ' s  s t u d y  seem, i n t u i t i v e l y ,  a  l i t t l e  b i t  
t o o  " o p t i m i s t i c "  i n  t e rms  of  t h e  s u b s t i t u t a b i l i t y  of energy  and 
o t h e r  f a c t o r s  of p r o d u c t i o n .  T h i s  s t a t e m e n t  i s ,  o f  c o u r s e ,  
 he same approach  a s  i n  Bernd t  ' s  and Wood's s t u d y  was u s e d ,  
b u t  o n l y  t h r e e  i n p u t s ,  c a p i t a l ,  l a b o r  and e n e r g y ,  were 
d i s t i n g u i s h e d .  
2 / ~ n  a t t e m p t  t o  e s t i m a t e  t h e  impac t  o f  s t r u c t u r a l  change  on t h e  
change i n  energy  consumption d u r i n g  a  10-year p e r i o d  i s  made 
i n  Bergman (1  977) . 
d i f f i c u l t  t o  d e f e n d ,  b u t  r e f e r e n c e  t o  Manne (1977,  p.  l o ) ,  who con- 
s i d e r s  an  e l a s t i c i t y  o f  s u b s t i t u t i o n  between e n e r g y  and c a p i t a l -  
l a b o r  e q u a l  t o  0.25 f o r  t h e  economy a s  a  whole t o  be t h e  " b e s t "  
e s t i m a t e ,  c o u l d  p e r h a p s  b e  made. 
Obvious ly  t h e r e  i s  n o t  a  v e r y  s o l i d  ground f o r  a s s u m p t i o n s  
a b o u t  t h e  s u b s t i t u t a b i l i t y  o f  energy  and o t h e r  f a c t o r s  o f  pro-  
d u c t i o n .  I n  t h i s  s t u d y  t h e  e l a s t i c i t y  of s u b s t i t u t i o n  between 
energy  and c a p i t a l - l a b o r  i s  assumed t o  b e  0 .25  i n  t h e  " b a s e  c a s e " .  
I n  t h e  s o - c a l l e d  " r i g i d "  c a s e ,  t h e  c o r r e s p o n d i n g  f i g u r e  i s  0 . 1 ,  
w h i l e  it i s  0.5 i n  t h e  s o - c a l l e d  " f l e x i b l e "  c a s e .  
V .  RESULTS 
I n  t h e  f i r s t  s t e p  o f  t h e  a n a l y s i s ,  a  " b a s e  c a s e "  i s  c a l c u l a t e d .  
To a  l a r g e  e x t e n t  t h i s  c a s e  i s  based  on a s s u m p t i o n s  made i n  a  
r e c e n t  long-term economic f o r e c a s t  p u b l i s h e d  by t h e  M i n i s t r y  of  
Economic A f f a i r s  (1  975) . However, s i n c e  n e i t h e r  t h e  f u n c t i o n a l  
form of  t h e  s t r u c t u r a l  e q u a t i o n s  n o r  t h e  n u m e r i c a l  v a l u e s  o f  
v a r i o u s  p a r a m e t e r s  i n  t h e  model p r e s e n t e d  above a r e  t e s t e d  a g a i n s t  
a c t u a l  d a t a ,  t h e  b a s e  c a s e  should  n o t  b e  r e g a r d e d  a s  a  f o r e c a s t .  
I n s t e a d  it can  be s a i d  t o  r e p r e s e n t  a  p l a u s i b l e ,  b u t  n o t  n e c e s -  
s a r i l y  t h e  most p r o b a b l e ,  development  o f  t h e  Swedish economy. 1  / 
The b a s i c  i s s u e  i n  t h i s  s t e p  o f  t h e  a n a l y s i s  i s  whether  o r  n o t  
t h e  growth of  e n e r g y  consumption i s  l i k e l y  t o  b e  h i g h e r  t h a n  t h e  
t a r g e t  growth r a t e  p u t  fo rward  i n  t h e  1975 government p r o p o s a l .  
I n  t h e  n e x t  s t e p  it is  assumed t h a t  d o m e s t i c  energy  p o l i c y  
is  d i r e c t e d  towards  r e d u c i n g  t h e  growth of  energy  consumption 
t o  2% p e r  annum between 1980 and 1985 and t o  z e r o  growth 
t h e r e a f t e r .  The impact  of t h i s  s t r a t e g y  on GNP and o t h e r  economic 
v a r i a b l e s  i s  c a l c u l a t e d  n o t  o n l y  f o r  t h e  " b a s e "  c a s e ,  b u t  a l s o  f o r  
two p o l a r  c a s e s :  one where t h e  t echnology  i s  " r i g i d "  i n  t e r m s  o f  
e n e r g y  i n p u t  c o e f f i c i e n t s  and o n e  where it i s  " f l e x i b l e " .  
"1n t h e  t e r m i n o l o g y  o f  Johansen ( 1 9 7 7 ) ,  t h e  b a s e  c a s e  c a n  be 
r e g a r d e d  a s  a  " p r o j e c t i o n " .  
V.l The Base Case 
I n  t h e  b a s e  c a s e  it is  assumed t h a t  t h e  n e t  s a v i n g s  r a t i o  
remains  a p p r o x i m a t e l y  c o n s t a n t  between 1980 and 2000. T h i s  means 
t h a t  t h e  economy's a g g r e g a t e  c a p i t a l  s t o c k  grows by a p p r o x i m a t e l y  
2. 0% p e r  annum. I n  a c c o r d a n c e  w i t h  t h e  p r o j e c t i o n s  made by 
t h e  M i n i s t r y  of  Economic A f f a i r s ,  t h e  l a b o r  f o r c e ,  measured i n  
man-hours, d e c r e a s e s  by 0 .2% p e r  annum between 1980 and  1990 and 
by 0 .61  p e r  annum between 1990 and 2000. On t h e  same b a s i s  t h e  
growth o f  p u b l i c  consumption i s  assumed t o  be 2 .51 p e r  annum 
between 1980 and 2000. 
  he t r a d e  on i n t e r n a t i o n a l  m a r k e t s  where Swedish pro-  
d u c e r s  compeke i s  assumed t o  grow by 4 %  p e r  annum d u r i n g  t h e  
e n t i r e  p e r i o d .  Excep t  f o r  o i l  p r i c e s ,  world  marke t  p r i c e s ,  
e x p r e s s e d  i n  f o r e i g n  c u r r e n c y ,  a r e  assumed t o  remain  c o n s t a n t  
i n  r e a l  t e r m s .  World m a r k e t  p r i c e s  of  c r u d e  o i l  a s  w e l l  a s  
r e f i n e d  p e t r o l e u m  p r o d u c t s  a r e  assumed t o  i n c r e a s e  by 2% p e r  
annum i n  r e a l  t e r m s  between 1960 and 1990. For  t h e  p e r i o d  o f  
1990-2000 t h e  c o r r e s p o n d i n g  f i g u r e  i s  5 % .  
No model o f  i n t e r n a t i o n a l  t r a d e  f l o w s  h a s  been a v a i l a b l e .  
Thus,  it h a s  n o t  been p o s s i b l e  t o  t es t  whether  o r  n o t  t h e  
a s s u m p t i o n s  made a b o u t  wor ld  marke t  c o n d i t i o n s  a r e  c o n s i s t e n t  
w i t h  e a c h  o t h e r .  
A s  was ment ioned i n  t h e  p r e c e d i n g  s e c t i o n ,  no  e s t i m a t e s  
o f  t h e  p r i c e - e l a s t i c i t y  p a r a m e t e r s  i n  t h e  t r a d e  f u n c t i o n s  have 
been a v a i l a b l e .  I t  seems r e a s o n a b l e ,  however,  t o  assume t h a t  
t h e  demand f o r  i m p o r t s  i s  less p r i c e  e l a s t i c  t h a n  t h e  demand 
f o r  Sweden's e x p o r t s .  T h i s  i s  b e c a u s e  a  s u b s t a n t i a l  p a r t  o f  
Sweden's i m p o r t s  a r e  complementary r a t h e r  t h a n  s u b s t i t u t e s  t o  
d o m e s t i c a l l y  produced goods and  s e r v i c e s .  I n  a c c o r d a n c e  w i t h  
t h e  d i s c u s s i o n  i n  t h e  i n t r o d u c t o r y  s e c t i o n ,  t h e  demand f o r  
Sweden 's  e x p o r t s  shou ld  be q u i t e  p r i c e  e l a s t i c .  I n  p a r t i c u l a r  
t h i s  h o l d s  f o r  s t a n d a r d i z e d  p r o d u c t s  l i k e  t h e  o u t p u t  from 
" b a s i c  p r o c e s s i n g  i n d u s t r i e s " .  
"In t h e  f o r e c a s t s  made by t h e  M i n i s t r y  o f  Economic A f f a i r s ,  
t h i s  f i g u r e  was assumed t o  be 3 % .  Thus a  g r a d u a l  i n c r e a s e  i n  
t h e  n e t  s a v i n g s  r a t i o  was assumed. 
The s p e c i f i c  a s s u m p t i o n s  made a r e  t h e  f o l l o w i n g :  t h e  abso-  
l u t e  v a l u e  o f  t h e  p r i c e  e l a s t i c i t y  o f  t h e  e x p o r t  demand f o r  o u t -  
p u t  f rom " b a s i c  p r o c e s s i n g  i n d u s t r i e s "  is  assumed t o  be  3.0.  
The c o r r e s p o n d i n g  f i g u r e  f o r  " m a n u f a c t u r i n g  i n d u s t r i e s "  i s  1 . 5 ,  
and 1 . 0  f o r  t h e  o t h e r  e x p o r t i n g  s e c t o r s . "  I n  a l l  i m p o r t  func-  
t i o n s  t h e  a b s o l u t e  v a l u e  o f  t h e  p r i c e  e l a s t i c i t y  p a r a m e t e r  i s  
set  e q u a l  t o  0.5.  
The l as t  set  o f  a s s u m p t i o n s  c o n c e r n s  t h e  p r o d u c t i v i t y  o f  
t h e  combined c a p i t a l - l a b o r  i n p u t .  2 /  Here t h e  a s s u m p t i o n s  a r e  
based  on t h e  above ment ioned f o r e c a s t  by t h e  M i n i s t r y  o f  Economic 
A f f a i r s .  Thus,  i n  " b a s i c  p r o c e s s i n g  i n d u s t r i e s "  t h e  p r o d u c t i v i t y  
o f  c o m p o s i t e  c a p i t a l - l a b o r  i s  assumed t o  grow by 3% p e r  annum. 
F o r  " a g r i c u l t u r e ,  f o r e s t r y  and f i s h i n g "  and " m a n u f a c t u r i n g  
i n d u s t r i e s "  t h e  c o r r e s p o n d i n g  f i g u r e  i s  2 . 5 % ,  w h i l e  it i s  2% i n  
t r a n s p o r t a t i o n  and 1% i n  t h e  r e m a i n i n g  s e c t o r s .  
The main r e s u l t s  o b t a i n e d  i n  t h e  b a s e  c a s e  a r e  p r e s e n t e d  
i n  T a b l e  6 ,  t o g e t h e r  w i t h  r e s u l t s  f rom a  p r o j e c t i o n  d e n o t e d  
" r a p i d  g rowth" .  T h i s  c a s e  d i f f e r s  f rom t h e  " b a s e "  c a s e  w i t h  
r e g a r d  t o  t h e  a s s u m p t i o n s  made a b o u t  t h e  p r o d u c t i v i t y  o f  t h e  
T a b l e  6. C a l c u l a t e d  a n n u a l  change  o f  s e l e c t e d  macroeconomic 
v a r i a b l e s ,  1980-2000, p e r c e n t a g e  p o i n t s .  
* T h a t  i s ,  employment i n  " b a s i c  p r o c e s s i n g "  and " m a n u f a c t u r i n g "  
i n d u s t r i e s .  
"That i s  " a g r i c u l t u r e ,  f o r e s t r y  and f i s h i n g " ,  " t r a n s p o r t a t i o n "  
and " p r i v a t e  s e r v i c e s " .  
Rapid Growth Case  
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2 / ~ h a t  i s ,  t h e  p a r a m e t e r  h i  i n  e q .  ( 2 ) .  
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combined c a p i t a l - l a b o r  i n p u t  and  c a p i t a l  f o r m a t i o n .  Thus,  annu- 
a l  r a t e s  o f  change a r e  one  p e r c e n t a g e  p o i n t  h i g h e r  i n  t h e  " r a p i d  
growth" c a s e  t h a n  i n  t h e  b a s e  c a s e .  T h i s  means t h a t  t h e  produc-  
t i v i t y  a-ssumptions  i n  t h e  " r a p i d  growth" c a s e  i s  c l o s e  t o  t h e  
a c t u a l  p r o d u c t i v i t y  growth e x p e r i e n c e d  i n  Sweden d u r i n g  t h e  1950s 
and  t h e  1960s.  
I n  comparison w i t h  t h e  e x p e r i e n c e  d u r i n g  t h e  p e r i o d  1950- 
1972,  t h e  b a s e  c a s e  r e p r e s e n t s  a  r e d u c t i o n  o f  t h e  growth of  GNP 
a n d ,  i n  p a r t i c u l a r ,  e n e r g y  consumption.  Yet t h e  l e v e l  o f  
e n e r g y  consumption i n  t h e  y e a r  2000 i s  43% h i g h e r  t h a n  t h e  l e v e l  
c o m p a t i b l e  w i t h  t h e  t a r g e t  g rowth  r a t e  f o r  e n e r g y  consumption 
ment ioned  i n  t h e  i n t r o d u c t o r y  s e c t i o n .  
The growth of  r e a l  p r i v a t e  consumption is  o n l y  s l i g h t l y  
below t h e  "normal"  p o s t w a r  f i g u r e .  The d e c l i n i n g  i n d u s t r i a l  
employment is a  c o n t i n u a t i o n  o f  a  pos twar  t r e n d ;  l a b o r  produc- 
t i v i t y  i n c r e a s e s  f a s t e r  t h a n  p r o d u c t i o n  i n  i n d u s t r y  and conse-  
q u e n t l y  t h e  demand f o r  l a b o r  d e c r e a s e s  i n  t h a t  s e c t o r .  
The i n c r e a s i n g  s h a r e  of  consumption i n  GNP is  t h e  r e s u l t  of  
a  g r a d u a l  improvement o f  Sweden 's  t e r m s  o f  t r a d e  i n  t h e  b a s e  
c a s e .  T h i s  outcome t o  a  l a r g e  e x t e n t  depends on t h e  a s s u m p t i o n s  
made a b o u t  t h e  w o r l d  marke t  p r i c e s  of  i n d u s t r i a l  goods a s  w e l l  
a s  t h e  a s s u m p t i o n s  a b o u t  t h e  p r i c e  e l a s t i c i t y  p a r a m e t e r s  i n  t h e  
f o r e i g n  t r a d e  f u n c t i o n s .  I f ,  f o r  i n s t a n c e ,  t h e  wor ld  marke t  
p r i c e  of  t h e  o u t p u t  from " b a s i c  p r o c e s s i n g  i n d u s t r i e s "  i s  
assumed t o  d e c r e a s e  by 1% p e r  annum i n  r e a l  t e r m s  r a t h e r  t h a n  
remain  c o n s t a n t ,  t h e  growth o f  r e a l  p r i v a t e  consumption i s  
r e d u c e d  by 0 .6  p e r c e n t a g e  p o i n t s  p e r  annum. 
I n  t h e  " r a p i d  g rowth"  c a s e  t h e  growth o f  GNP i s  "normal"  ac -  
c o r d i n g  t o  p o s t w a r  s t a n d a r d s .  However, a s  i n  t h e  b a s e  c a s e  t h e  
i n c r e a s e  i n  t h e  " e n e r g y "  i n t e n s i t y  o f  GNP i s  c o n s i d e r a b l y  s l o w e r  
t h a n  d u r i n g  t h e  p e r i o d  1950-1972. I n  o r d e r  t o  d i s c u s s  t h i s  
r e s u l t ,  i t  i s  a p p r o p r i a t e  t o  decompose t h e  t o t a l  b a s e  c a s e  change 
i n  e n e r g y  consumption between 1980 ( t = O )  and 2000 ( t -T)  i n t o  a  
' /During t h i s  p e r i o d  t h e  a v e r a g e  a n n u a l  growth r a t e s  f o r  GNP and  
e n e r g y  consumption were  3 .6% and  5% r e s p e c t i v e l y .  Thus t h e  
" e n e r g y  i n t e n s i t y "  o f  GNP grew by a p p r o x i m a t e l y  1 . 4 %  p e r  annum. 
number of components. The fo l lowing  i d e n t i t y  i s  t hen  u t i l i z e d :  
TOT VOL COW 
INP D I R  
where t h e  v a r i a b l e  Xi r e p r e s e n t s  t h e  h y p o t h e t i c a l  p roduc t ion  i n  
s e c t o r  i i f  a g g r e g a t e  product ion  i s  equa l  t o  agg rega t e  p roduc t ion  
a t  t+T and t h e  composi t ion of  agg rega t e  p roduc t ion  i s  equa l  t o  
t h e  composi t ion of agg rega t e  product ion  a t  t=ol ' ,  and 
TOT: t h e  t o t a l  change i n  energy consumption; 
VOL: t h e  change i n  energy consumption due t o  change i n  
agg rega t e  p roduc t ion ,  provided agg rega t e  product ion  
i s  composed i n  t h e  same way a s  a t  t h e  i n i t i a l  p o i n t  
i n  t ime;  
COMP: t h e  change i n  energy consumption due t o  change compo- 
s i t i o n  of agg rega t e  product ion;  
INP: t h e  change i n  energy consumption due t o  changed energy 
i n p u t  c o e f f i c i e n t s ;  
D I R :  t h e  change i n  energy consumption due  t o  changed d i r e c t  
consumption of energy i n  t h e  household s e c t o r .  
Xi ( 0 )  7 
Thus Xi = -X(T) where ~ ( t )  = C X i ( t ) .  
X(0)  i = O  
T h i s  f o r m u l a  was used  i n  c o n j u n c t i o n  w i t h  t h e  r e s u l t s  o b t a i n e d  i n  
t h e  b a s e  c a s e  s i m u l a t i o n .  The r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  7 .  
T a b l e  7 .  Decompos i t ion  o f  t h e  t o t a l  c h a n g e  i n  e n e r g y  c o n s u m p t i o n ,  
1980-2000, i n  t h e  b a s e  c a s e . *  
TOT = VOL + COMP + INP + DIR 
* E x p r e s s e d  i n  l o 9  SKr a t  1968 p r i c e s .  
Behind t h e  p o s i t i v e  f i g u r e  d e n o t e d  COMP i n  T a b l e  7 a r e  
p r i m a r i l y  two c o u n t e r a c t i n g  t r e n d s .  One is t h a t  t h e  p r o d u c t i o n  
i n  " b a s i c  p r o c e s s i n g  i n d u s t r i e s "  grows s l o w e r  t h a n  a g g r e g a t e  
p r o d u c t i o n ,  wh ich  t e n d s  t o  r e d u c e  t h e  e n e r g y  i n t e n s i t y  o f  GNP 
(see T a b l e  4 ) .  T h i s  deve lopment  i s  d u e  t o  a n  a b s o l u t e  d e c l i n e  
by 1 . 2 %  p e r  annum o f  e x p o r t s  f rom t h i s  s e c t o r .  I n  t u r n ,  t h i s  
d e p e n d s  o n  a n  u n f a v o u r a b l e  deve lopment  o f  d o m e s t i c  p r o d u c t i o n  
c o s t s  i n  t h i s  s e c t o r  i n  r e l a t i o n  t o  w o r l d  m a r k e t  p r i c e s .  The 
o t h e r  t r e n d  i s  t h e  r e l a t i v e l y  r a p i d  g r o w t h  o f  t h e  p r o d u c t i o n  o f  
" h o u s i n g  s e r v i c e s " ,  wh ich  t e n d s  t o  i n c r e a s e  t h e  e n e r g y  i n t e n s i t y  
o f  GNP. 
Both  t h e s e  t r e n d s  seem r e a s o n a b l e :  b u t  s t i l l  t h e r e  i s  r e a s o n  
t o  b e l i e v e  t h a t  t h e  COMP f i g u r e  i n  T a b l e  7 i s  somewhat t o  low. 
T h i s  i s  b e c a u s e  t h e  s t r u c t u r e  o f  i n t e r s e c t o r a l  d e l i v e r i e s ,  e x c e p t  
f o r  d e l i v e r i e s  f rom t h e  e n e r g y  s e c t o r ,  is k e p t  c o n s t a n t  d u r i n g  
t h e  p e r i o d  1980-2000. D u r i n g  t h e  f i r s t  p o s t w a r  d e c a d e s  t h e r e  
was a  t r e n d  t o w a r d s  more i r l p u t  o f  i n d u s t r i a l  goods  p e r  u n i t  o f  
o u t p u t  i n  t h e  s e r v i c e  s e c t o r s .  A c o n t i n u a t i o n  o f  s u c h  a  t r e n d  
would i n c r e a s e  t h e  g r o w t h  o f  p r o d u c t i o n  i n  " m a n u f a c t u r i n g  
i n d u s t r i e s "  a n d ,  a s  a  r e s u l t  " b a s i c  p r o c e s s i n g  i n d u s t r i e s " ,  t h u s  
i n c r e a s i n g  e n e r g y  i n t e n s i t y  o f  GNP. However, a  c e t e r i s  paribus 
10% i n c r e a s e  o f  p r o d u c t i o n  i n  t h e  l a t t e r  s e c t o r  i n  t h e  y e a r  
2000 would o n l y  i n c r e a s e  t h e  COMP f i g u r e  i n  T a b l e  7 f rom 1 . 4  t o  1 . 7 .  
The n e g a t i v e  f i g u r e  denoted  INP i n  T a b l e  7  r e f l e c t s  a  reduc-  
t i o n  i n  energy  i n p u t  c o e f f i c i e n t s  by l e s s  t h a n  0.5 p e r c e n t a g e  
p o i n t s  p e r  annum. I n  comparison t o  t h e  p o s t w a r  e x p e r i e n c e s  
t h e s e  f i g u r e s  seem f a i r l y  low. During t h e  p e r i o d  1950-1972 t h e  
i n d u s t r y ' s  a v e r a g e  e n e r g y  i n p u t  c o e f f i c i e n t  d e c l i n e d  by 2.1% 
p e r  annum i n  s p i t e  o f  a n  a n n u a l  d e c r e a s e  o f  energy  p r i c e s  by 2.9% 
i n  r e a l  t e r m s .  The f i g u r e  d e n o t e d  D I R  r e f l e c t s  an a n n u a l  growth 
a t  3.6% of  d i r e c t  consumption i n  t h e  household  s e c t o r .  Behind 
t h i s  f i g u r e  a r e  t h e  r e l a t i v e l y  r a p i d  g rowth  of r e a l  p r i v a t e  con- 
sumption and a  c o m p a r a t i v e l y  h i g h  income e l a s t i c i t y  f o r  e n e r g y .  
On b a l a n c e  t h e  b a s e  c a s e  consumption o f  energy  p e r  u n i t  o f  
GNP might  r e p r e s e n t  an  u n d e r e s t i m a t i o n ,  b u t  t h e  o p p o s i t e  i s  a l s o  
p o s s i b l e .  I f  t h e  b a s e  c a s e  f i g u r e s  a r e  a c c e p t e d ,  energy  consump- 
t i o n  i n  Sweden c a n  be e x p e c t e d  t o  grow more s l o w l y  f o r  t h e  r e s t  of 
t h i s  c e n t u r y  t h a n  d u r i n g  t h e  f i r s t  t h r e e  pos twar  decades .  T h a t  
a l s o  h o l d s  i n  t h e  c a s e  w i t h  " r a p i d  growth" assumpt ions .  
However, t h e  " o p t i m i s t i c "  GNP growth assumpt ion  i n  con- -  
j u n c t i o n  w i t h  s u c h  assumpt ions  about  t e c h n i c a l  change i n  t h e  
energy  s e c t o r  t h a t  t h e  p r i c e  o f  energy  c o n t i n u e s  t o  d e c r e a s e  by 
2.9% p e r  annum l e a d s  t o  a n  a n n u a l  GNP growth r a t e  a t  3 .7% and 
a n  a n n u a l  e n e r g y  consumption growth r a t e  a t  4 .7% i n  t h e  model 
s i m u l a t i o n .  These f i g u r e s  a r e  q u i t e  c l o s e  t o  pos twar  a v e r a g e s .  
On t h e  b a s i s  o f  t h e s e  r e s u l t s  it seems t h a t  t h e  r e l a t i v e l y  s m a l l  
d i f f e r e n c e  between t h e  t a r g e t  energy  consumption growth r a t e  
p roposed  by t h e  government and t h e  e x p e c t e d  growth r a t e  a t  
"unchanged e n e r g y  p o l i c y "  and b a s e  c a s e  assumpt ion  p r i m a r i l y  
depends on t h e  r e d u c t i o n  i n  t h e  growth of  GNP t o g e t h e r  w i t h  
s l i g h t l y  i n c r e a s i n g  energy  p r i c e s .  I n  any c a s e ,  t h e  d i f f e r e n c e  
between t h e  t a r g e t  energy  consumption growth r a t e  proposed by 
t h e  government and t h e  growth r a t e  o b t a i n e d  i n  t h e  b a s e  c a s e  
model s i m u l a t i o n  i s  o n l y  1.8 p e r c e n t a g e  p o i n t s  p e r  annurn between 
1980 and 2000, which is  c o n s i d e r a b l y  l e s s  t h a n  e x p e c t e d  when t h e  
1975 government p r o p o s a l  was p r e s e n t e d .  
"1n t h e  b a s e  c a s e  s i m u l a t i o n  t h e r e  v a s  a  s l i g h t  i n c r e a s e  i n  t h e  
p r i c e  of  e n e r g y .  
V.2 The Impact  o f  a  C o n s t r a i n t  on Energy Consumption 
I n  t h i s  s e c t i o n  it i s  assumed t h a t  a  c o n s t r a i n t  i s  imposed 
on energy  consumption. Thus, energy  consumption i s  a l lowed  t o  
grow by 2% p e r  annum between 1980 and 1985 a n d  t h e n  remain 
c o n s t a n t .  T h i s  p o l i c y  i s  implemented by a  v a l u e  t a x  on a l l  
e n e r g y  p u r c h a s e s .  The t a x  revenues  a r e  assumed t o  b e  immedia te ly  
d i s t r i b u t e d  t o  t h e  p r i v a t e  s e c t o r .  Thus,  t h e  e n e r g y  t a x  o n l y  
a f f e c t s  t h e  r e l a t i v e  market  p r i c e  o f  e n e r g y ,  w h i l e  t h e  s i z e  of  
t h e  p u b l i c  s e c t o r  i s  u n a f f e c t e d  by t h e  e n e r g y  p o l i c y  measures .  1 / 
I n  T a b l e  8 t h e  main r e s u l t s ,  o b t a i n e d  i n  t h e  " b a s e "  and 
t h e  " r a p i d  growth" c a s e s  w i t h  a  c o n s t r a i n t  on e n e r g y  consumption,  
a r e  summarized. 
T a b l e  8 .  C a l c u l a t e d  v a l u e s  o f  s e l e c t e d  macroeconomic v a r i a b l e s  i n  
t h e  y e a r  2000 under  v a r i o u s  a s s u m p t i o n s  a b o u t  produc-  
t i v i t y  g rowth  and e n e r g y  p o l i c y ,  1980  = 100 .  
 h his i m p l i e s  t h a t  t h e r e  a r e  no d i r e c t  c o s t s  f o r  t h e  implementa- 
t i o n  o f  t h e  e n e r g y  p o l i c y  measures .  I n  t h e  r e a l  wor ld  a  number 
of  a d d i t i o n a l  c i v i l  s e r v a n t s  would p r o b a b l y  have  t o  b e  employed. 
GNP 
Rea l  house- 
h o l d  consump- 
t i o n  
Energy con- 
sumption 
I n d u s t r i a l  
employment 
The " r a p i d  growth" c a s e  
No con- 
s t r a i n t  
on e n e r g y  
consump- 
ti on 
2 0 2 
2 4 3  
231 
7 7 
The " b a s e "  c a s e  
C o n s t r a i n t  
on energy  
consumption 
196 
238  
110 
5 8 
No con- 
s t r a i n t  
on e n e r g y  
consump- 
t i o n  
148 
174  
1 6 3  
6 0 
C o n s t r a i n t  
on e n e r g y  
consump- 
t i o n  
147 
174 
110 
5 8 
On t h e  b a s i s  of t h e  r e s u l t s  p r e sen ted  i n  Table  8 ,  energy 
p o l i c y  of  t h e  kind d i scus sed  h e r e  seems t o  have a minor impact  
on t h e  r a t e  of economic growth. I n  t h e  "base" c a s e  t h e  e f f e c t  
cor responds  t o  l e s s  t han  15 of GNP a t  t h e  y e a r  2000, wh i l e  t h e  
cor responding  f i g u r e  i s  3% i n  t h e  " r ap id  growth'' c a se .  
The impact of t h e  energy p o l i c y  can a l s o  be expressed  i n  
terms of  t h e  a d d i t i o n s  t o  t h e  average  working week which a r e  
neces sa ry  i n  o r d e r  t o  f u l l y  compensate f o r  t h e  impact of t h e  
energy p o l i c y  measures on GNP. I n  t h e  "base" c a s e ,  t h i s  f i g u r e  
i s  3/4  hour p e r  week and i n  t h e  " r ap id  growth" c a s e ,  1 hour p e r  
week a t  t h e  y e a r  2000. 
Obviously t h e  economic impact of t h e  energy p o l i c y  measures 
t o  a l a r g e  e x t e n t  depends on t h e  s u b s t i t u t a b i l i t y  of  energy and 
o t h e r  f a c t o r s  of  product ion .  For t h i s  r ea son ,  t h e  a n a l y s i s  of 
t h e  base  c a s e  i s  c a r r i e d  out  f o r  two a d d i t i o n a l  s e t s  of  assump- 
t i o n s  about  t h e  s u b s t i t u t a b i l i t y  of energy and composi te  c a p i t a l -  
l a b o r .  I n  one  c a s e  t h e  technology i s  s a i d  t o  be " r i g i d "  i n  
te rms  of  energy inpu t  c o e f f i c i e n t s .  Thus, t h e  e l a s t i c i t y  of 
s u b s t i t u t i o n  between energy and t h e  composi te  c a p i t a l - l a b o r  
i n p u t  i s  assumed t o  be 0.1 i n  a l l  s e c t o r s .  I n  t h e  o t h e r  c a s e ,  
where t h e  technology i s  s a i d  t o  be " f l e x i b l e " ,  t h e  cor responding  
f i g u r e  i s  0.5. 
Given t h e  o t h e r  base  c a s e  assumpt ions ,  i n c l u d i n g  t h e  assump- 
t i o n  about  no c o n s t r a i n t  on energy consumption, t h e  r a t e  and 
y a t t e r n  of economic growth i s  p r a c t i c a l l y  t h e  same i n  t h e  " r i g i d "  
and t h e  " f l e x i b l e "  c a s e  a s  i n  t h e  base  ca se .  That  a l s o  a p p l i e s  
t o  energy consumption. Thus, t h e  impact  of  t h e  energy p o l i c y  
measured i n  t h e  two c a s e s  can e a s i l y  be compared. 
I n  t h e  " r i g i d "  c a s e  t h e  c o n s t r a i n t  on energy consumption 
reduces  t h e  r a t e  of  GNP growth by 0.1 pe rcen tage  p o i n t  pe r  annum. 
T n i s  means t h a t ,  a s  compared wi th  a c a s e  w i thou t  a c o n s t r a i n t  on 
energy consumption, t h e  l e v e l  o f  GNP by t h e  year  2000 i s  about  2% 
 he r a t e  of  economic growth i s  s l i g h t l y  more r a p i d  i n  t h e  
" f l e x i b l e "  c a s e  than i n  t h e  " r i g i d "  ca.se. 
lower  i n  t h i s  c a s e .  I n  t h e  " f l e x i b l e "  c a s e  t h e  c o r r e s p o n d i n g  
f i g u r e  i s  lower  t h a n  t h a t  of t h e  "base"  c a s e .  
These r e s u l t s  a r e  somewhat s u r p r i s i n g .  Even more s u r p r i s -  
i n g  i s  p e r h a p s  t h a t  t h e  energy consumption c o n s t r a i n t  h a s  p rac-  
t i c a l l y  no impac t  on a g g r e g a t e  r e a l  consumption,  e i t h e r  i n  t h e  
" r i g i d "  o r  i n  t h e  " f l e x i b l e "  c a s e .  T h i s  i s  b e c a u s e  t h e  s l o w e r  
growth o f  o i l  i m p o r t s ,  r e s u l t i n g  f rom t h e  s l c w e r  growth o f  e n e r g y  
consumption,  l e a d s  t o  an  improvement i n  t h e  t e r m s  of  t r a d e .  1  / 
Thus, t h e  impac t  on t h e  l e v e l  of  consumption by t h e  r e d u c t i o n  i n  
GNP is  a l m o s t  e n t i r e l y  o f f s e t  by a n  i n c r e a s e  o f  t h e  s h a r e  o f  
consumption i n  GNP. 2/ 
Al though t h e  energy  p o l i c y  t e n d s  t o  r e d u c e  employment i n  
i n d u s t r y ,  and i n  p a r t i c u l a r  " b a s i c  p r o c e s s i n g  i n d u s t r i e s " ,  t h e  
r e s u l t s  i n d i c a t e  t h a t  a  c o n s t r a i n t  on energy  consumption h a s  a  
v e r y  s rna l l  macroeconomic impac t  o v e r  a  p e r i o d  o f  20 y e a r s .  
However, t h e  energy  s t r a t e g y  h a s  an  impac t  on t h e  economy, and  
t h a t  impac t  d i f f e r s  c o n s i d e r a b l y  between t h e  " r i g i d "  and  t h e  
" f l e x i b l e '  c a s e s .  I n  T a b l e  9  t h e  d i f f e r e n c e  i n  e n e r g y  consump- 
t i o n  i s  decomposed u s i n g  t h e  fo rmula  p r e s e n t e d  on p. 32. The 
r e s u l t s  i n d i c a t e  t h a t  t h e  n a t u r e  o f  t h e  a d j u s t m e n t  mechanism t o  
a  l a r g e  e x t e n t  depends on t h e  s u b s t i t u t a b i l i t y  o f  e n e r g y  and t h e  
compos i te  c a p i t a l - l a b o r  i n p u t .  
" ~ o r l d  m a r k e t  o i l  p r i c e s  a r e  assumed t o  i n c r e a s e  by 2% p e r  annum 
between 1980 and 1990 and by 5% p e r  annum between 1990 and 
2000. The wor ld  market  p r i c e s  o f  o t h e r  t r a d e d  commodit ies  a r e  
assumed t o  remain c o n s t a n t  i n  r e a l  t e r m s .  
2 / ~ h e  same mechanism i s  a t  work i n  t h e  " r a p i d  growth" c a s e .  
Tha t  can  be shown i n  t h e  f o l l o w i n g  way. R e a l  p r i v a t e  consump- 
t i o n  i s  a b o u t  50% o f  GNP. The development  o f  a g g r e g a t e  n e t  
i n v e s t m e n t  and p u b l i c  consumption a r e  exogenous ly  d e t e r m i n e d  i n  
t h e  model. Thus, p r o v i d e d  t h a t  s h a r e  o f  n e t  e x p o r t s  i n  GiqP i s  
c o n s t a n t ,  t h e  impac t  o f  t h e  energy  p o l i c y  on p r i v a t e  consumption 
s h o u l d  b e  a b o u t  t w i c e  a s  b i g  a s  t h e  impac t  on G N P .  A s  can be 
s e e n  i n  T a b l e  8 ,  t h a t  is  n o t  t h e  c a s e .  Tonsequent ly  t h e  energy  
p o l i c y  t e n d s  t o  improve t h e  t e r n s  o f  t r a d e  a n d ,  t h u s ,  i n c r e a s e  
t h e  s h a r e  of  p r i v a t e  consumption i n  G N P .  
T a b l e  9. P e r c e n t a g e  s h a r e s  o f  t h e  r e d u c t i o n  i n  e n e r g y  consump- 
t i o n  by t h e  y e a r  2000 ,  r e s u l t i n g  f rom a  c o n s t r a i n t  on 
e n e r g y  consumption t h a t  c a n  be  a s s i q n e d  t o  v a r i o u s  
components under  v a r i o u s  a s s u m p t i o n s  a b o u t  t h e  sub- 
s t i t u t a b i l i t y  o f  e n e r g y  and c o m p o s i t e  c a p i t a l - l a b o r .  
E l a s t i c i t y  o f  
s u b s t i t u t i o n  VOL C OMP I NP D I R  
0 . 1 0  2  4 6  3  2  3  9  
0 . 2 5  1 3  6  5  7 2  3  
0 .50  2  5 7 9  1 3  
I n  t h e  " r i g i d "  c a s e  t h e  r e d u c t i o n  o f  d i r e c t  e n e r g y  consump- 
t i o n  i n  t h e  househo ld  s e c t o r  is  t h e  q u a n t i t a t i v e l y  most i m p o r t a n t  
p a r t  o f  t h e  t o t a l  change i n  energy  consumpt ion .  Due t o  g r a d u a l l y  
i n c r e a s i n g  e n e r g y  t a x a t i o n  t h e  market  p r i c e  o f  e n e r g y  grows by 
1 0 %  p e r  annum i n  t h i s  c a s e .  As a  r e s u l t ,  d i r e c t  consumption o f  
e n e r g y  i n  t h e  househo ld  s e c t o r  grows o n l y  by 0 . 6 %  p e r  annum a s  
compared t o  3 .9% i n  t h e  c a s e  w i t h o u t  a  c o n s t r a i n t  on t o t a l  energy  
consumption.  The e n e r g y  i n p u t  c o e f f i c i e n t s  i n  t h e  p r o d u c t i o n  
s e c t o r s  a r e  n o t  v e r y  much a f f e c t e d  by t h e  i n c r e a s i n g  marke t  p r i c e  
o f  e n e r g y .  They d e c l i n e  by less t h a n  1 %  p e r  annum i n  a l l  s e c t o r s .  
A s  a  r e s u l t ,  r e d u c t i o n s  i n  e n e r g y  i n p u t  c o e f f i c i e n t s  r e p r e s e n t  a  
f a i r l y  l i m i t e d  s h a r e  o f  t h e  t o t a l  a d j u s t m e n t .  Changes  i n  t h e  
s t r u c t u r e  o f  t h e  p r o d u c t i o n  s y s t e m  r e p r e s e n t  a n  even s m a l l e r  
s h a r e  o f  t h e  change  i n  e n e r g y  consumption.  N e v e r t h e l e s s  t h e  
e n e r g y  p o l i c y  l e a d s  t o  a  more r a p i d  r e d u c t i o n  of  i n d u s t r i a l  em- 
ployment :  -3 .0% p e r  annum a s  compared t o  - 2 . 6 %  p e r  annum i n  t h e  
c a s e  w i t h o u t  c o n s t r a i n t  on t o t a l  energy  consumption.  
I n  t h e  " f l e x i b l e "  c a s e  e n e r g y  i n p u t  c o e f f i c i e n t s  d e c l i n e  by 
2 .2  - 3 . 2 %  p e r  annum. As a  r e s u l t ,  a l m o s t  80% o f  t h e  change i n  
e n e r g y  consumption c a n  be a s s i g n e d  t o  s u b s t i t u t i o n s  o f  t h e  
c o m p o s i t e  c a p i t a l - l a b o r  i n p u t  f o r  e n e r g y  i n  t h e  p r o d u c t i o n  s e c t o r s  
However, t h e  d e c r e a s e  i n  e n e r g y  i n p u t  c o e f f i c i e n t s  i s  accomplish-  
e d  p r i m a r i l y  by means o f  i n p u t  o f  more c a p i t a l .  T h i s  c a p i t a l  
i s  a v a i l a b l e  a s  a  r e s u l t  o f  t h e  r e d u c e d  g rowth  o f  t h e  e n e r g y  
s e c t o r .  One can  s a y  t h a t  c a p i t a l  i s  used  f o r  "energy  conserva-  
t i o n "  r a t h , e r  t h a n  f o r  e n e r g y  p r o d u c t i o n  p u r p o s e s .  
I n  t h i s  c a s e  t h e  growth o f  d i r e c t  consumption o f  energy  i n  
t h e  househo ld  s e c t o r  i s  n o t  a f f e c t e d  by t h e  e n e r g y  p o l i c y  t o  t h e  
same e x t e n t  a s  i n  t h e  " r i g i d "  c a s e .  The a n n u a l  growth r a t e  i s  
2 . 8 % ,  t h a t  i s ,  t h e  r e d u c t i o n  due t o  t h e  e n e r g y  p o l i c y  i s  s l i g h t l y  
more t h a n  one  p e r c e n t a g e  p o i n t  p e r  annum. Consequen t ly  o n l y  
13% o f  t h e  t o t a l  change  i n  e n e r g y  consumption c a n  be  a s s i g n e d  
t o  c h a n g e s  i n  d i r e c t  consumption o f  e n e r g y  i n  t h e  househo ld  
s e c t o r .  
I n  b o t h  t h e  " r i g i d "  and t h e  " f l e x i b l e "  c a s e s  h i g h e r  e n e r g y  
t a x e s  t e n d  t o  r e d u c e  e x p o r t s  f rom " b a s i c  p r o c e s s i n g  i n d u s t r i e s "  
and i n c r e a s e  e x p o r t s  f rom "manufac tu r ing  i n d u s t r i e s " .  However, 
t h e  r e s u l t i n g  impac t  on t h e  s e c t o r a l  a l l o c a t i o n  o f  employment i s  
n o t  s i g n i f i c a n t .  The r e a s o n  f o r  t h i s  i s  t h a t  t h e  reduced  growth 
o f  t h e  c a p i t a l  i n t e n s i v e  e n e r g y  s e c t o r  l e a v e s  a  l a r g e r  s h a r e  o f  
n e t  c a p i t a l  f o r m a t i o n  t o  b e  used  a s  a  s u b s t i t u t e  f o r  e n e r g y  i n  t h e  
p r o d u c t i o n  s e c t o r s .  If t h e  p r i c e  e l a s t i c i t y  o f  e x p o r t  demand 
is h i g h e r  t h a n  assumed i n  t h e  b a s e  c a s e ,  d o m e s t i c  e n e r g y  t a x -  
a t i o n  t e n d s  t o  have a  s i g n i f i c a n t  impac t  b o t h  on t h e  s t r u c t u r e  
o f  t h e  p r o d u c t i o n  sys tem and  t h e  s e c t o r a l  a l l o c a t i o n  o f  t h e  l a b o r  
f o r c e .  The r e s u l t s  from a  few e x p e r i m e n t s  can  b e  ment ioned.  
I f  t h e  p r i c e  e l a s t i c i t y  of  t h e  demand f o r  e x p o r t s  from t h e  
i n d u s t r i a l  s e c t o r s  i s  assumed t o  b e  -5 r a t h e r  t h a n  -3  and -1 .5  
r e s p e c t i v e l y ,  a n  a n n u a l  i n c r e a s e  o f  t h e  e n e r g y  t a x  r a t e  w i t h  10 
p e r c e n t a g e  p o i n t s  would r e d u c e  t h e  growth o f  p r o d u c t i o n  i n  
" b a s i c  p r o c e s s i n g  i n d u s t r i e s "  by 0.4 p e r c e n t a g e  p o i n t s .  The c o r -  
r esponding  f i g u r e s  f o r  employment and e x p o r t s  would be  0 . 3  and 
0.9 r e s p e c t i v e l y .  I f  t h e  p r i c e  e l a s t i c i t y  f i g u r e s  a r e  assumed 
t o  be  -10, t h e  c o r r e s p o n d i n g  v a l u e s  become 1 .9 ,  1 . 8  and 3 .2 .  
Accord ing  t o  t h e  1975 government  p r o p o s a l  t h e  r e a s o n  f o r  
impos ing  a  c o n s t r a i n t  on e n e r g y  consumption growth i s  t h e  s i d e  
e f f e c t s  a s s o c i a t e d  w i t h  c o n v e n t i o n a l  f u e l s  and e l e c t r i c i t y  g e n e r a -  
t i o n  t e c h n o l o g i e s .  I n  t h e  model s i m u l a t i o n s  t h e  t a r g e t  e n e r g y  
consumption growth r a t e  was a t t a i n e d  by means o f  a  g e n e r a l  v a l u e  
t a x  on energy  p u r c h a s e s .  The t a x  r a t e ,  which i s  endogenously  
d e t e r m i n e d  i n  t h e  model,  i n d i c a t e s  t h e  m a r g i n a l  v a l u e  i n  e x c e s s  
o f  p r o d u c t i o n  c o s t s  o f  one  u n i t  of  e n e r q y .  Thus t h e  t a x  r a t e  
c a n  b e  i n t e r p r e t e d  a s  a  shadow p r i c e  o f  " c l e a n  and s a f e  e n e r g y " ,  
t h a t  i s ,  t h e  m a r g i n a l  w i l l i n g n e s s  t o  pay f o r  o n e  u n i t  o f  e n e r g y  
from a  s o u r c e  w i t h o u t  t h e  s i d e  e f f e c t s  a s s o c i a t e d  w i t h  conven- 
t i o n a l  e n e r g y  s o u r c e s .  
A t  t h e  y e a r  2000 t h e  endogenous ly  d e t e r m i n e d  e n e r g y  t a x  
r a t e  was 137% i n  t h e  " f l e x i b l e "  c a s e ,  398% i n  t h e  "base"  c a s e ,  
and 871% i n  t h e  " r i g i d "  c a s e .  These  r e s u l t s  i n d i c a t e  t h e  impor t -  
a n c e  o f  t h e  s u b s t i t u t a b i l i t y  o f  e n e r g y  and o t h e r  f a c t o r s  o f  p ro -  
d u c t i o n .  They a l s o  show t h a t  o v e r  a  p e r i o d  o f  20 y e a r s ,  a  con- 
s t r a i n t  on e n e r g y  consumption growth is  l i k e l y  t o  c r e a t e  s u b s t a n -  
t i a l  economic i n c e n t i v e s  f o r  t h e  development  o f  e n e r g y  s o u r c e s  
w i t h o u t  n e g a t i v e  e n v i r o n m e n t a l  and s a f e t y  s i d e  e f f e c t s .  
So f a r  t h e  model r e s u l t s  seem t o  i n d i c a t e  t h a t  a t t a i n m e n t  
o f  t h e  t a r g e t  growth r a t e  f o r  e n e r g y  consumption p roposed  by t h e  
Swedish government  would n o t  have s i g n i f i c a n t  n e g a t i v e  e f f e c t s  
on c o n v e n t i o n a l l y  measured economic g rowth .  However, t h e  p i c t u r e  
becomes a  l i t t l e  b i t  d i f f e r e n t  i f  t h e  i n p a c t  i s  s t u d i e d  y e a r  by 
y e a r  r a t h e r  t h a n  f o r  t h e  e n t i r e  p e r i o d  1980-2000. I t  t h e n  t u r n s  
o u t  t h a t  u n d e r  " b a s e "  c a s e  a s s u m p t i o n  t h e  e n e r g y  p o l i c y  measures  
have  p r a c t i c a l l y  no impac t  on GNP u n t i l  t h e  l a s t  f i v e - y e a r  p e r i o d .  
A  s i m i l a r  p a t t e r n  can b e  s e e n  i n  t h e  development  o f  f a c t o r  p r i c e s  
( T a b l e  10)  . 
T a b l e  10. Reduc t ion  i n  t h e  a n n u a l  r a t e s  o f  change o f  wages and 
p r o f i t s  i n  t h e  " b a s e "  c a s e  due t o  t h e  c o n s t r a i n t  o n  
t o t a l  energy  consumption p e r c e n t a g e  p o i n t s .  
* The v a r i a b l e  W i n  t h e  model. 
**  The v a r i a b l e  R i n  t h e  model. 
Thus,  f o r  some t i m e  e n e r g y  consumption c a n  b e  k e p t  c o n s t a n t  
w i t h o u t  s i g n i f i c a n t  r e d u c t i o n s  i n  t h e  r a t e  o f  economic growth.  
A s  t i m e  g o e s  b y ,  however,  s u c h  a  p o l i c y  l e a d s  t o  a  change  i n  t h e  
economy's  a g g r e g a t e  f a c t o r  p r o p o r t i o n s ;  more c a p i t a l  i s  accumu- 
l a t e d  b u t  it h a s  t o  b e  combined w i t h  a  c o n s t a n t  amount o f  e n e r g y  
a n d ,  under  t h e  b a s e  c a s e  c o n d i t i o n s ,  a  s l o w l y  d e c r e a s i n g  l a b o r  
f o r c e .  Accord ing ly  t h e  " l a w  o f  d i m i n i s h i n g  r e t u r n s "  comes i n t o  
o p e r a t i o n .  Wages a n d ,  i n  p a r t i c u l a r ,  p r o f i t s  a r e  n e g a t i v e l y  a f -  
f e c t e d  and t h e  r a t e  o f  economic growth is  r e d u c e d .  Over t i m e  
t h o s e  e f f e c t s  become i n c r e a s i n g l y  i m p o r t a n t ,  and  more s o  t h e  l e s s  
f l e x i b l e  t h e  t e c h n o l o g y  i s .  However, o v e r  a  20-year p e r i o d ,  t h e  
c o n s t r a i n t  on e n e r g y  consumption d o e s  n o t  s e e m  t o  have s i g n i f i c a n t  
e f f e c t s  on economic growth.  
T h i s  c o n c l u s i o n  i s ,  however,  s u b j e c t  t o  a t  l e a s t  one  impor- 
t a n t  q u a l i f i c a t i o n .  The r e d u c t i o n  i n  t h e  r a t e  o f  p r o f i t  due t o  
t h e  e n e r g y  p o l i c y  measures  may n o t  b e  c o m p a t i b l e  w i t h  t h e  assump- 
t i o n  a b o u t  a  c o n s t a n t  n e t  s a v i n g s  r a t i o .  A t  l e a s t  some a d d i t i o n a l  
p o l i c y  measures  may be  needed i n  o r d e r  t o  p r e v e n t  a  d r o p  i n  
t o t a l  n e t  i n v e s t m e n t s .  I f  it i s  assumed t h a t  s u c h  measures  a r e  
n o t  implemented and t h a t  t h e  t endency  towards  r e d u c e d  p r o f i t s  
i s  o f f s e t  by a  d r o p  i n  n e t  i n v e s t m e n t s ,  t h e n  t h e  c o n s t r a i n t  on 
e n e r g y  consumption l e a d s  t o  an a d d i t i o n a l  r e d u c t i o n  i n  economic 
g rowth .  Under b a s e  c a s e  c o n d i t i o n s  s u c h  i n v e s t m e n t  b e h a v i o r  
l e a d s  t o  a n  a d d i t i o n a l  r e d u c t i o n  i n  GNP growth by ,  on t h e  a v e r -  
a g e ,  0 .3  p e r c e n t a g e  p o i n t s  p e r  annum 1980-2000. T h i s  means t h a t  
t h e  l e v e l  o f  GNP a t  t h e  y e a r  2000 s h o u l d  be  reduced  by a n o t h e r  
6 p e r c e n t a g e  p o i n t s .  
V I .  SUMMARY AND COIELUSIONS 
The p u r p o s e  o f  t h i s  s t u d y  h a s  been t o  i n v e s t i g a t e  t o  what 
e x t e n t  t h e r e  i s  a  c o n f l i c t  i n  a  s m a l l  open economy between 
economic p o l i c y  g o a l s  r e l a t e d  t o  t h e  growth o f  GNP o r  s i m i l a r  
m e a s u r e s ,  and an e n e r g y  p o l i c y  aimed a t  z e r o  growth i n  e n e r g y  
consumption.  The a n a l y s i s  h a s  f o c u s e d  on Sweden, a  s m a l l  
economy w i t h  a  r e l a t i v e l y  l a r g e  f o r e i g n  t r a d e  s e c t o r .  I n  Sweden 
e n e r g y  p o l i c y  p r e s e n t l y  a ims a t  r e d u c i n g  t h e  g rowth  o f  e n e r g y  
consumption t o  2% p e r  annum t o  1985 and  t o  z e r o  growth t h e r e a f t e r  
p r o v i d e d  such  a n  energy  p o l i c y  i s  n o t  i n  c o n f l i c t  w i t h  o t h e r  
s o c i a l  and economic g o a l s .  The a n a l y s i s  h a s  been c a r r i e d  o u t  by 
means o f  a  n u m e r i c a l l y  f o r m u l a t e d  model o f  t h e  Swedish economy, 
and it h a s  been  f o c u s e d  on t h e  p e r i o d  1980-2000. 
The r e s u l t s  i n d i c a t e  t h a t  f o r  t h e  s t u d i e d  20-year  p e r i o d ,  
t h e  t a r g e t  e n e r g y  consumption growth r a t e  c a n  be a t t a i n e d  wi th -  
o u t  s i g n i f i c a n t  c o s t s  i n  t e r m s  o f  GNP o r  a g g r e g a t e  househo ld  con- 
sumption l o s s e s .  I n  a d d i t i o n  t h e  e n e r g y  p o l i c y  d i d  n o t  l e a d  t o  
s i g n i f i c a n t  changes  i n  t h e  s e c t o r a l  a l l o c a t i o n  o f  t h e  l a b o r  f o r c e .  
T h i s  i s  b e c a u s e  it was p r i m a r i l y  c a p i t a l  a v a i l a b l e  a s  a  r e s u l t  
o f  t h e  reduced  growth o f  t h e  c a p i t a l  i n t e n s i v e  e n e r g y  s e c t o r  
t h a t  was used  a s  a  s u b s t i t u t e  f o r  e n e r g y  i n  t h e  p r o d u c t i o n  s e c t o r s  
However, t h e  n e g a t i v e  impac t  on economic g rowth  i n c r e a s e s  o v e r  
t i m e .  I f  t h e  e n e r g y  consumption i s  k e p t  a t  t h e  1985 l e v e l  d u r i n g  
5 o r  10 a d d i t i o n a l  y e a r s ,  t h e  r e d u c t i o n  i n  t h e  r a t e  o f  economic 
qrowth t e n d s  t o  be s u b s t a n t i a l .  
The model s i m u l a t i o n s  were  c a r r i e d  o u t  under  t h e  a s s u m p t i o n  
t h a t  t h e  n e t  s a v i n g s  r a t i o  i n  t h e  economy r e m a i n s  c o n s t a n t  o v e r  
t h e  p e r i o d  i n  q u e s t i o n .  S i n c e  one  e f f e c t  o f  t h e  s i m u l a t e d  p o l i c y  
measures  was t h a t  p r o f i t s  t e n d e d  t o  d e c r e a s e ,  t h i s  assumpti.on 
n i g h t  seem d u b i o u s .  The t e n d e n c y  towards  f a l l i n g  p r o f i t s  might  
l e a d  t o  a  r e d u c t i o n  i n  t h e  n e t  s a v i n g s  r a t i o ,  s o  t h a t  t h e  p r o -  
posed  e n e r g y  p o l i c y  h a s  an a d d i t i o n a l ,  i n d i r e c t  impac t  on economic 
growth. I f ,  a s  an extreme example, t h e  tendency of f a l l i n g  
p r o f i t s  i s  completely balanced by r e d u c t i o n s  i n  t o t a l  n e t  i n v e s t -  
ments,  t h e  p rev ious  conc lus ions  have t o  be somewhat modif ied.  
Under base  c a s e  assumptions,  a t  t h e  y e a r  2 0 0 0  t h e  l e v e l  of  GMP 
i s  7% lower i n  t h e  c a s e  w i t h  a  c o n s t r a i n t  on energy consumption. 
When c a p i t a l  format ion  was t r e a t e d  a s  an exogenous v a r i a b l e ,  t h e  
cor responding  f i g u r e  was 1 % .  
Thi s  c a s e  i s  extreme f o r  two r ea sons .  F i r s t ,  t h e  energy 
p o l i c y  measures can be combined wi th  o t h e r  measures f o r  prevent-  
i ng  t h e  f a l l  i n  p r o f i t s .  The e x i s t i n g  t a x  system has  a  number 
of parameters  which could be used f o r  such purposes.  Second, 
an impor tan t  c l a s s  o f  investment  o p p o r t u n i t i e s  does  no t  e x i s t  
i n  t h e  model economy: inves tments  i n  R 8 D a c t i v i t i e s .  This  
p o i n t ,  perhaps ,  needs some c l a r i f i c a t i o n .  
I n  t h e  model economy t h e  t a r g e t  energy consumption growth 
r a t e  was a t t a i n e d  by means of  a  t a x  on energy consumption. A t  
t h e  yea r  2 0 0 0  t h e  t a x  r a t e ,  which kep t  energy consumption a t  
t h e  t a r g e t  l e v e l ,  v a r i e d  between 137% and 871X, depending on t h e  
assumption made about  t h e  e l a s t i c i t y  of  s u b s t i t u t i o n  between 
energy and composite c a p i t a l - l a b o r .  Energy t a x  r a t e s  of t h i s  
o r d e r  of magnitude obvious ly  would c r e a t e  economic i n c e n t i v e s  
f o r  t h e  development of new energy sou rces  and energy conse rva t ion  
methods. I t  i s  q u i t e  p o s s i b l e  t h a t  a  number of  R & D inves tments  
i n  t h e s e  f i e l d s  would t u r n  o u t  t o  have a  h igh  r a t e  of  r e t u r n .  
That  i s ,  by means of R & D  inves tments  t h e  shape of  t h e  product ion  
f u n c t i o n s  would be changed s o  t h a t  t h e  n e g a t i v e  impact on econo- 
mic growth of t h e  energy p o l i c y  would be m i t i g a t e d  and t h e  
tendency towards f a l l i n g  p r o f i t s  coun te rac t ed .  
A s  expec t ed , the  proposed energy p o l i c y  t u rned  o u t  t o  have 
a  l a r g e r  impact  on economic growth where t h e  e l a s t i c i t y  of  sub- 
s t i t u t i o n  between energy and composite c a p i t a l - l a b o r  was low. 
I n  p a r t i c u l a r  t h i s  app l i ed  on t h e  s e c t o r a l  l e v e l .  
When t h e  e l a s t i c i t y  of s u b s t i t u t i o n  was assumed t o  be 0.50 
i n  a l l  s e c t o r s ,  n e i t h e r  t h e  s t r u c t u r e  o f  t h e  product ion  system 
nor t h e  commodity composi t ion o f  household consumption was 
s i g n i f i c a n t l y  a f f e c t e d .  Thus, from a  we l f a r e  p o i n t  of view, 
GNP and agg rega t e  household consumption has  roughly  t h e  same 
meaning i n  t h e  c a s e  w i t h  t h e  e n e r g y  p o l i c y  measures  a s  i n  t h e  
c a s e  w i t h o u t  s u c h  measures .  
However, when t h e  e l a s t i c i t y  o f  s u b s t i t u t i o n  was assumed 
t o  be  0 . 1 ,  a t t a i n m e n t  o f  t h e  t a r g e t  e n e r g y  consumption deve lop-  
ment was accompanied by s i g n i f i c a n t  changes  i n  t h e  commodity 
c o m p o s i t i o n  o f  household consumption.  I n  a d d i t i o n  t h e  r a t e  o f  
r e d u c t i o n  o f  i n d u s t r i a l  employment was i n c r e a s e d  by t h e  e n e r g y  
p o l i c y  measures .  T h i s  means t h a t  changes  i n  a g g r e g a t e  measures  
s u c h  a s  GNP o r  a g g r e g a t e  househo ld  consumption become more d i f -  
f i c u l t  t h a n  u s u a l  t o  e v a l u a t e  from a  w e l f a r e  p o i n t  o f  v iew.  
Obviously ,  t h e  assumpt ion  a b o u t  t h e  s u b s t i t u t a b i l i t y  o f  
e n e r g y  and o t h e r  f a c t o r s  o f  p r o d u c t i o n  is  a n  i m p o r t a n t  one.  
On t h e  b a s i s  o f  t h e  e c o n o m e t r i c  l i t e r a t u r e  i n  t h i s  f i e l d  it is  
d i f f i c u l t  t o  s a y  what would b e  t h e  most r e a l i s t i c  a s s u m p t i o n  i n  
a  s t u d y  l i k e  t h i s .  However, t h e  e c o n o m e t r i c  r e s u l t s  i n d i c a t e  
t h a t  0 .10 is  a  r a t h e r  " p e s s i m i s t i c '  a s s u m p t i o n ,  w h i l e  0 .50 d o e s  
n o t  seem t o  b e  o v e r l y  " o p t i m i s t i c " .  
Al though  r e s e r v a t i o n s  c a n  b e  made i t  seems t h a t  e n e r g y  con- 
sumption i n  Sweden c a n  b e  k e p t  a t  t h e  t a r g e t  deve lopment  p a t h  
p roposed  by t h e  government a t  l e a s t  d u r i n g  a  p e r i o d  o f  10-15 
y e a r s  w i t h o u t  s i g n i f i c a n t  c o n f l i c t s  w i t h  o t h e r  s o c i a l  and econo-  
m i c  g o a l s .  Whether t h i s  i s  an " o p t i m a l " ,  o r  j u s t i f i a b l e ,  energy  
p o l i c y  is a n o t h e r  q u e s t i o n ,  beyond t h e  s c o p e  o f  t h i s  s t u d y .  
I t  d o e s  n o t  seem w o r t h w h i l e  t o  e x t e n d  t h e  a n a l y s i s  t o  t h e  
p e r i o d  a f t e r  t h e  y e a r  2000. I f  t h e  deve lopment  of t h e  model 
economy is  s i m u l a t e d  o v e r  a  number o f  a d d i t i o n a l  d e c a d e s ,  w i t h  
g i v e n  t e c h n o l o g y  and w i t h  t h e  l e v e l  o f  e n e r g y  consumption k e p t  
a t  t h e  1985 l e v e l ,  i t  e v e n t u a l l y  c o l l a p s e s .  But t h e  t e c h n o l o g y  
c a n n o t  b e  r e g a r d e d  a s  g i v e n  and c o n s t a n t  o v e r  t i m e .  T h i s  is 
e s p e c i a l l y  t h e  c a s e  i n  a  p e r i o d  where  r e l a t i v e  p r i c e s  change  
s u b s t a n t i a l l y .  R E D  a c t i v i t i e s  a r e  l i k e l y  t o  c o n t r i b u t e  t o  t h e  
development  o f  new e n e r g y  s o u r c e s ,  new e n e r g y  c o n s e r v a t i o n  
methods and more f l e x i b l e  p r o d u c t i o n  t e c h n i q u e s .  I n  a d d i t i o n ,  
t h e y  migh t  l e a d  t o  b e t t e r  methods o f  h a n d l i n g  t h e  s i d e  e f f e c t s  
o f  e x i s t i n g  e n e r g y  s o u r c e s ,  t h e r e b y  removing t h e  m o t i v e  f o r  an 
e n e r g y  p o l i c y  o f  t h e  k i n d  d i s c u s s e d  i n  t h i s  s t u d y .  T h i s  d o e s  
n o t ,  o f  c o u r s e ,  mean t h a t  e v e r y t h i n g  is  f i n e  a  few d e c a d e s  i n t o  
t h e  n e x t  c e n t t i r y .  I t  o n l y  means t h a t  no c o n c l u s i o n s  a b o u t  t h a t  
p e r i o d  c a n  b e  made on  t h e  b a s i s  o f  t h i s  s t u d y .  
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Appendix: The derivation of the equations of the linearized 
version of the nodel 
Equations M1:O - M1:7 
The relative rate of change of production can be written 
axi F~ ax. x .  
(Dl) xi = - - f i + L . -  a~~ xi xO1xoi ; i = 0 , 1 ,  ..., 7 . a x ~ i  i 
Differentiation of ( 1 )  with respect F. and Xoi, respectively, 
1 
y ie! ds 
Taking logs of (2) and differentiation with respect to time yields 
Using (10) - (12) and substitution of (D2) and (D.3) in (Dl) yields 
QiKi W.N. W.N.+ Q.K. T.P X . 1 1  1 1  (DU) X. = - * ki + 7n. + l l x , +  1 0 0 1  
1 P.X. 
* 
P.X. P.X. 1 pxX. X ~ i  
1 1  1 1  1 1  1 1  
(D4) c a n  t h e n  be w r i t t e n  
a. w.WNi o.WN T . P  X . 
( M I  : i)  1. 1 X - -- 1 i * n .  - i 7 ki - l o o l x ,  * = 
1 P . X .  pixi Pixi 0  1 
1 1  
E q u a t i o n  M2 
T h j s  e q u a t i o n  i s  o b t a i n e d  d i r e c t l y  f r o m ( 2 8 )  by d i f f e r e n t i a t i o n  
w i t h  r e s p e c t  t o  t i m e .  
E q u a t i o n s  M3 and M4:i 
Tak ing  l o g s  and d i f f e r e n t i a t i o n  o f  ( 1 0 )  w i t h  r e s p e c t  t o  t i m e  y i e l d s  
D i f f e r e n t i a t i o n  o f  ( 6 )  w i t h  r e s p e c t  t o  t i m e  y i e l d s  
1 when i = j  ; j = 1 , 2 ,  . . . ,  7 
Next we d e f i n e  A . .  = e . .  - a . .  where e . .  = 
1 1  11 3 1  11 
O when i ! j  ; i = 0 , 1 ,  ..., 7 .  
Eq. (D6) can then 5e written 
~ q .  (14) yields 
(D8) W .  = W  ; i = O,l, ..., 7 . 
Substitution of (D3), (D7) and (D8) in (D5) then yields 
7 P.A.. 
(M4:i) 1 * Pj + (I-pi)xi + p.a.k. + (0.-a.p -1)n. - w = -  p . X .  . j=l 1 1 1  1 i i  1 1 '  
Equation M5 :,i 
Taking logs of (11) and differentiatinn with respect to time yields 
Substitution of (13) in (8) and differentiation with respect to 
time yields 
substitution of (D5), (D8) and (D10) in (D9) yields 
Equations M6 and M7:i 
Taking logs of (12) and differentiating with respect to time yields 
- (p0-l)xo = Po : 
Differentiation of (30) with respect to time 
Substitution of (D7) and (D12) in (Dl 1) and rearrangement of terms 
yields 
7 P . A . .  5 .  
(M7:i) C p .  + (0.-l)x . - (0.-1)x. - p o  - C 7.- = (1-8) 1 +A ; 0 1 Ti Ti j=1 P .  1 Ti 
where B i s  e i t h e r  1 o r  0 . 
E q u a t i o n s  M8 - MI7 
These e q u a t i o n s  a r e  o b t a i n e d  d i r e c t l y  from (7) , (15) , (17) , (1 8) , 
(19), ( U ) ,  (29), (25), (16) and  (20) r e s p e c t i v e l y  by d i f f e r e n t i a -  
t i o n  w i t h  r e s p e c t  t o  t i m e .  
E q u a t i o n  MI8 
~ i f f e r e n t i a t i o n  o f  (31) w i t h  r e s p e c t  t o  t i m e  y i e l d s  (18) 
where €I i s  e i t h e r  1 o r  0. 
E q u a t i o n  )I1 9 :i 
D i f f e r e n t i a t i o n  o f  (21) and u s i n g  t h e  d e f i n i t i o n  of  A .  . y i e l d s  
1 I 
7 
(M19) C A . .  X .  x . - C . C .  - 2 . z .  + M . n .  = 0 ; i = 1,2 ,..., 5 . j=o 11 I 1 1 1  1 1  1 1  
E q u a t i o n s  Y20 - M24 
These e q u a t i o n s  a r e  o b t a i n e d  from (22), (23), (24), (27) and  (26) 
r e s p e c t i v e l y  by d i f f e r e n t i a t i o n  w i t h  r e s p e c t  t o  t i m e .  
